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ADENOVIRAL -MEDIATED METHOD OF CELL TRANSFECTION 

TECHNICAL FIELD OF THE INVENTION 
The present invention relates to transfection of 
eiikaryotic" cells with nucleic acids mediated by an 
adenovirus, and the augmentation of such transfection 
5 through preincubation of the nucleic acids with cationic 
agents. 

BACKGROOND OF THE INVENTION 
Research of the past decade evinces a strong and 

10 ongoing interest in devising new and better methods for 
introducing biological materials, in particular, nucleic 
acids , such as ribonucleic acid (RNA) , deoxyribonucleic 
acid (DNA) , and, more recently, peptide nucleic acid (PNA) , 
into eukaryotic cells. Such methods are prerequisites not 

15 only for so-called siii?)le gene transfections ia vitro , but 
also for a true understanding of gene function (which 
requires, in part, an ability to deliberately modify the 
genome) directed toward an ultimate goal of augmentation 
therapy or, more preferably, somatic gene modification or 

20 therapy in vivo , to correct the underlying defect in 
inheritable diseases (IDs) . Although, many techniques such 
as use of DEAE-dextran, electroporation, calciiim phosphate, 
microinjection, and osmotic shock are available for in 
vitro nucleic transfer, these methods are of limited use 

25 for in vivo nucleic acid transfer as they are either toxic 
to cells or tbeir efficiencies of nucleic acid transfer are 
low (Feigner et al., PrQc„ ^a,^l, APad. gci,. M, 7413-7417 
(1987)). 

Consequently, "early" researchers of gene therapy 
30 (i.e., those within the last few years) resorted to use of 
retroviral vectors, which are capable of effecting their 
own meeuis of entry into cells. In the predominant 
approach to gene modification, researchers almost 
exclusively delivered nucleic acids vivo to isolated 
35 cells, and then infused the cells back into the living 
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host. However, retroviruses have a ntJinber of drawbaclcs 
which severely limit their application, particularly ia 
vivQ. For exanple, since retroviral vectors require target 
cell proliferation in order to transfer exogenous nucleic 
. 5 acid sequences, they are ineffective for transferring 
nucleic ■ acids to cells which replicate slowly or are 
terminally differentiated (Mastrangeli et al., j. clin. 
Invegt . , 91, 225-34 (1993)). Additionally, they integrate 
randomly into the genome, potentially resulting in loss of 
10 control of the subcloned DMA, as well as host genetic 
alterations due to the disruption of genes. Moreover, 
retroviruses exhibit restricted host cell range and can be 
obtained only in relatively low titer (Bums et al., Proc. 
Natl. Acad. Sci. . £0, 8033-37 (1993)). 
15 Consequently, many researchers turned to adenovirus 

(Ad) to resolve this dilemma, since host cell proliferation 
is not required for adenoviral gene expression (Horwitz, 
Ib: Ylzalsm.. 2nd Ed., Fields et al., eds., (NY: Raven 
Press, 1990) 1679-1721; Berkner, K.L., BioTechnirp io.c. . £, 
20 606-629 (1988)). Furthermore, Ad possesses tremendous 
potential for eukaryotic studies given that it can infect 
a broad range of cell types from a variety of diverse 
species, it is easy to prepare in high titer, and it can 
easily be rendered replication- deficient, thus preventing 
25 the vims from usoirping, and eventually destroying, the 
target cell (Ginsberg (ed.) The AdenoviinisAQ (nY: Plenum 
Press, 1984); Horwitz, Is: Virology . 2nd Ed., Fields et 
al., eds., (NY: Raven Press, 1990) 1679-1721; Rosenfeld et 
al., Ssigasg, ZMZ. 431-434 (1991); Rosenfeld et al.. Cell . 
3 0 63.. 143-155 (1992); Quantin et al., Proc. Natl . Acad. ■C!r^ , . 
8£/ 2581-2584 (1992)). 

Additional advantages of adenoviral vectors include 
that recombination events are rarely observed with use of 
such vectors. Moreover, despite ubiquitous infection with 
35 adenoviruses, an eissociation of such infections with any 
human malignancy has not been demonstrated. In fact, the 
live (or non- attenuated) form of adenovirus has been safely 
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employed as a human vaccine ( (Horwitz, In; Viroloqy , 2nd 
Ed., Fields et al., eds., (NY: Raven Press, 1990) 1679- 
1721; Berkner, K.L., BinTechniaues . 6. 606-629 (1988); 
Ginsberg (ed.) ThP Adenoviruses. (NY: Plenum Press, 1984)). 
5 Furthermore, adenovirus exhibits trophism for the 
respiratory epithelium, and can be transcribed, translated, 
and appropriately processed in lung, gastrointestinal (GI) , 
as well as a variety of other types of tissue (Fields et 
al., eds., (NY: Raven Press, 1990) 1679-1721; Crystal et 

10 al., wnriAir Acids Res. . 21. 1607-12 (1993)). All these 
factors suggest that adenovirus constitutes a powerful tool 
in somatic gene therapy of IDs, particularly those which 
manifest in disorders of the lung and GI tract. 

Human adenovirus exists as a non- enveloped double - 

15 stranded DNA virus (Horwitz, In: Vj-rology, 2nd Ed., Fields 
et al., eds., (NY: Raven Press, 1990) 1679-1721). The. 
adenovirus provides a dramatic exan^jle of a naturally 
evolved and highly efficient mechanisin for transferring 
biological materials to target cells (Otero et al., 

20 Viroloav . 160 . 75-80 (1987); FitzGerald et al.. Cell, 32, 
607-617 (1983); Seth et al., MqI. Cgll Bj.03..> 4, 1528-1533 
(1984) ; Yoshiraura, Cell Struct. Funct. . Ifl, 391-404 (1985) ; 
Defer et al.. J. Virol. . 3661-3673 (1990); Rosenfeld et 
al.. Science . 252 . 431-434 (1991) ; Curiel et al., Pffqc. 

25 Natl. Acad. Sci. . M/ 8850-8854 (1991); Rosenfeld et al.. 
Cell . ££» 143-155 (1992); Quantin et al . , PES£j^J2a£ii_.Asa^ 

Sci. . S2.. 2581-2584 (1992); Curiel et al., HiffiL Sen^ 

Therapy . 1, 147-154 (1992)). Namely, Ad enters cells by a 
receptor-mediated endocytosis (RME) pathway. In the 

30 initial virus -receptor interaction in this pathway. Ad 
binds with specific receptors present on the cell surface 
via fibers on its outer surface (i.e., the outer shell of 
each Ad is conqprised of 240 hexons and 12 pentons, with 
each, penton being con?)osed of a penton base and a fiber) 

35 (Ginsberg (ed.) Th«> Adenoviruses . (NY: Plenum Press, 1984); 
Horwitz, Is: virology . 2nd Bd-, Fields et al., eds., (NY: 
Raven Press, 1990) 1679-1721; Seth et al., la: ViSia 
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25 


30 


Attachmenr. and Ent^TY into Cells , Colwell et al . , eds., (WA, 
D.C.: American Society for Microbiology, 1986) 191-195. 
Following attachment, the receptors with bound Ad cluster 
in coated pits, and the virus is internalized within a 
5 clathrin- coated vesicle and, subsequently, into an 
endosomal vesicle, termed an endosome, or receptosome 
(FitzGerald et al.. Cell , ii, 607-617 (1983)). 

Within the endosome, the pH of the vesicle is reduced 
by means of a proton pump associated with the endosomal 
10 membrane. The reduced pH effects an alteration in the 
conformation of the Ad capsid proteins, particularly the 
penton base protein, which results in disruption of the 
endosome. As a consequence of this disruption, the 
endocytic contents, including the Ad, are released into the 
cytoplasm, and the Ad is then translocated to the nucleus 
where it directs the synthesis of nascent nucleic acids 
(FitzGerald et al., £gll, 12, 607-617 (1983); Seth et al., 
Mol. Cell Riol , 4, 1528-1533 (1984); Seth et al.. In: 
Virug Attarhment and Bntrv ^n^n r^ii. , colwell et al., 
eds., (WA, D.C.: American Society for Microbiology, 1986) 
191-195; Seth et al., J, Virol., 51, 650-655 (1984); Seth 
-J- Bio;, ghPTH ,, aSa. 14350-14353 (1984); Seth et 
al., J, Biol. Chem, , 2£fl, 9598-9602 (1985); Seth et al., 
Bio;, Chem, , 2£Q., 14431-14434 (1985); Blumenthal et al., 
Biochemistry , 2S, 2231-2237 (1986); Seth et al., j. virol .' 
£1, 883-888 (1987)) . 

This ability of the Ad to easily enter cells has been 
seized upon as a means of transporting macromolecules into 
cells (Otero et al., VArglogy, 1£Q., 75-80 (1987)- 
FitzGerald et al., 2Z, 607-617.(1983); Seth et al., 

MQl, cgxi Him ., 1, 1528-1533 (1984); Yoshimura, £sli 
S^rugt, y^inrr ., Ifl, 391-404 (1985); Defer et al., ^ 
Virai^, §4. 3661-3673 (1990); Rosenfeld et al., Ssi^ 

431-434 (1991); Curiel et al., Proc. N;,m a^.,. 
M, 8850-8854 (1991); Rosenfeld et al., SslL. M., 143-155 
(1992); Quantia et al., Proc, ^.^^ c^. 2581- 

2584 (1992); Curiel et al.. Hum, r^n^ TH^^ pp^, ^ 147-154 
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(1992)) . For example. Ads are able to enhance the transfer 
of a variety of non-viral macromolecules such as dextrans 
(Otero et al., virology . 160, 75-80 (1987)), proteins 
(Carraaco, virology . 113 . 623-629 (1981); Defer et al., 
5 Virol . . M. 3661-3673 (1990); FitzGerald et al., Cell, 32, 
607-617 (1983); Fernandez -Puentes et al.. Pell,, 20. 769-775 
(1980)), and plasmid DNA linked to ligands (Curiel et al., 
Hum. Gene Therapy . 3, 147-154 (1992); Gotten et al., Pyog, 
Natl. Acad. Sci. . ti, 6094-098 (1992)) to target cells both 

10 in vitro and in vivo . 

There are two means by which such transfer has been 
effected. First, the Ad has been en^jloyed to transfer non- 
viral macromolecxiles packaged within the Ad either in place 
of, or in addition to, normal Ad con?)onents (Berkner, K.L., 

15 BioTechnioues . 6, 606-629 (1988)). For example, the genome 
of the Ad has been modified to incorporate exogenous DNA. 
The recombinant Ad is then packaged to constitute an 
infectious virus capable of entering cells and transferring 
the exogenous DNA to the nucleus (Rosenfeld et al., 

20 Science . 252 . 431-434 (1991); Rosenfeld et al.. Cell, £S.. 
143-155 (1992); Quantin et al., Proe. Natl. Acad. Sci.. 12., 
2581-2584 (1992); Berlmer, K.L., BioTechnioues . £, 606-629 
(1988)). Second, the Ad has been enployed to mediate the 
transfer of non-viral macromolecules either linked to the 

25 surface of the Ad or, in a "bystander" process where the 
macromolecixle is cointemalized, taken along as cargo in 
the Ad receptor -endosome contplex (Otero et al.. Virology. 
160 . 75-80 (1987); FitzGerald et al.. Cell . 22.. 607-617 
(1983); Seth et al., Mol. Cell Biol. . 1, 1528-1533 (1984); 

30 Yoshimira, Cell Struct. Funct. . ifi, 391-404 (1985); Otero 
et al.. Virology . 160 . 75-80 (1987); Defer et al., 
Virol . . 64, 3661-3673 (1990) ) . 

The mechemism by with the Ad augments internalization 
of non-viral biologic materials is believed to be by 

35 increasing the permeability of the teurget cell plasma 
manbrane (Otero et al.. Virology . 160 . 75-80 (1987)) or, 
more likely, by colntemallzation of the exogenous biologic 
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material as an "innocent bystander" when the Ad- receptor 
con^jlexes cluster on the membrane and are internalized 
(FitzGerald et al., Cell, 32, 607-S17 (1983); Seth et al., 
MoX . Cell Big) , , 1, 1528-1533 (1984); Yoshimura, Cell 
5 Str^ct. Punct., 10, 391-404 (1985); Otero et al . , Viroloov . 
160, 75-80 (1987); Defer et al., J. Virol. . 64, 3661-3673 
(1990)). These processes are not Ad-specific, as similar 
phenomena have been observed with other non- enveloped 
viruses such as picomavirxis ( Fernandez -Puentes et al., 
10 Cell, 2fi, 769-775 (1980); Otero et al.. Virology . 160 . 75- 
80 (1987); Carrasco, Viroloov. lij., 623-629 (1981)), as 
well as enveloped viruses including paramyxovirus, 
rhabdovirus, poxvirus, and togavirus (Fernandez -Puentes et 
al., 769-775 (1980); Otero et al.. Virology . 160 . 

15 75-80 (1987); Yamaizumi et al., Virology . 95 . 216-221 
(1979); Carrasco et al.. Virology . 117, 62-69 (1982)). 

Most of the research attention on virus -mediated 
cointemalization of macromolecules has been focused on 
cointemalization of proteins, including toxins and various 
20 reporter proteins (Femlndez- Puentes et al.. Cell . 20 . 769- 
775 (1980); FitzGerald et al., £gli, la, 607-617 (1983); 
Seth et al., WqI , Q^IJ, BAqI . , 4, 1528-1533 (1984); Otero et 
al.. Virology, l£fl, 75-80 (1987); Defer et al., J. Virol. . 
64, 3661-3673 (1990); Carrasco, Virology . 113 . 623-629 
25 (1981); Yamaizumi et al.. Virology . 25., 216-221 (1979); 
Carrasco et al., Vjrology, 12J., 62-69 (1982)). The concept 
that cointemalization might be employed for Ad-mediated 
transfer of nucleic acids was suggested, but not evaluated, 
by Otero and Carrasco (Otero et al., virology . i60 . 75-80 
30 (1987)). In fact, the more recent approaches with respect 
to transfer of nucleic acids using adenovirus have centered 
on nucleic acid transfer by attachment of the nucleic acid 
to molecules capable of effecting its entry into the cell. 
For instance, in one approach, the nucleic acid is part of 
35 a polylysine- glycoprotein carrier coii?)lex capable of 
b in di n g a particular cell surface receptor, or is con?)lexed 
with a nonspecific ligand such as a charged polypeptide 
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(Roseafeld et al., Science, 252, 431-434 (1991); Curiel et 
al., Prnr.- Natl Arad. Sci. . 88, 8850-8854 (1991); 
Rosenfeld et al., Cell . M. 143-155 (1992); Quantin et al., 
Proc. Nat] Arad. Sci. . Mi 2581-2584 (1992); Curiel et 
5 al., w,in, a^n^ Therapy . 1. 147-154 (1992)); Cotten et al., 
Proc. Natl. Ar;.d. Sci. . 81. 6094-098 (1992); Cotten et al., 
J. ViroloQV . 67, 3777-3785 (1993)). In a more recent 
approach, the nucleic acid is attached to the outside of 
the adenoviral capsid by means of conjugation of the 

10 nucleic acid through a polylysine residue to the antibody 
to adenoviral capsid protein (Curiel et al., Hum^ Gene 
Ther. . 1, 147-154 (1992)). Thus, despite this early 
suggestion by Otero et al., researchers have clearly 
perceived a lack of feasibility of using adenovirus -driven 

15 RME for transfer of nucleic acid. Moreover, the prevailing 
approaches using adenovirus for transfer of nucleic acids 
are limited in that the specific receptor to the ligand 
employed (e.g.., trcuasferrin) must be present on the cell 
surface for transfection to be accoir?)lished. Additionally, 

20 it was discovered recently that better transfection results 
are obtained when the DNA is not physically attached to any 
molecule upon introduction into the cell (Wolff et al.. 
Science . 247 . 1465 (1990); Acsadi et al.. Nature. 352, 815 
(1991)). This finding underscores the restrictive nature 

25 of current approaches to adenoviral -mediated transfer of 
DNA to the cell, which require attachment of DNA for cell 
transfection. 

In an essential mimic of the approach, of using an 
adenovirus as a vector, the nucleic acid to be tramsf ected 

30 is ensheathed in a virion- like microenvironment . The 
encased nucleic acid may then be transferred via 
intracellulau: injection or, optimally, spontaneous fusion 
with the cellular membrane. (Nabel et al., Pygc. mtX, 
Acad. Sci. . aa, 10759-10763 (1993); Nabel et al., Itqc^ 

35 w^M. Aead. Sci. . 11307-11311 (1993)). The 

microenvironment may be con^jrised of liposomes or hollow 
vesicles synthesized using lipids and/or phospholipids 
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(Tikchonenko et al., Gene . 62 . 321-330 (1988); Hawley- 
Nelson et al.. Focus . 3,5 . 73-79 (1993); Feigner et al., 
Proc. N atl. Acad. Sci. . 84, 7413-7417 (1987); U.S. Patent 
5,264,618) . While such an approach is advantageous in that 

. 5 potentially greater aitioimts of nucleic acids can be 
tramsferred, disadvantages of the approach include failure 
of the liposome to fuse with the cell meinbrcLne and 
degradation of nucleic acids taken up by phagocytosis, and 
the inherent toxicity of intracellular injection, as well 

10 as the toxicity of ether bonds, which may accumulate in the 
cell as a consequence of liposome-mediated transf ection. 

Attenqpts have been made to enhance the ability of the 
liposomes to fuse with the membrane through subsequent 
infection with, for example, Sendai virus (Tomita et al., 

15 Biochem. Biochva. Res. Comm. . rge, 129-34 (1992); Kato et 
al., J. Bioloq. Chem. .266. 3361-364 (1991); Yamaizumi et 
al., VirolooY. £5, 218-221 (1979)). However, studies 
supporting the increased cytotoxicity of exogenously 
supplied liposomes to cells transformed with adenovirus 

20 (Shimura et al.. Cancer Research. 48, 578-583 (1988)), 
suggest against the combination of adenoviral -mediated 
nucleic acid transfer with liposome-mediated nucleic acid 
delivery. 

There remains a need, therefore, for a method of 
25 capitalizing on the inherent ability of adenovirus to 
effect transport of cargo macromolecules to the cell 
nucleus by me ans of RME in a method of transfection that 
can be employed either ia vitro or is vivo , anri which 
avoids the attendant problems of the previously described 
30 approaches. It is an object of the present invention to 
provide such a method of adenoviral -mediated cell 
transfection with nucleic acids, as well as to provide a 
means of enhan cing this method through use of cationic 
agents. These and other objects and advantages of the 
35 present invention, as well as additional inventive 
features, will be apparent from the description of the 
invention provided herein. 
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BRIEF SUMMARY OF THE INVENTION 
The present invention provides an adenoviral -mediated 
method of transfection with nucleic acids which can be 
augmented through incubation of the nucleic acids with 
5 cat ionic agents. Specifically, the present inventive 
method of introducing a nucleic acid into a eukaryotic cell 
conprises contacting the cell with, in any order or 
simultaneously, the nucleic acid and an adenovirus, wherein 
the nucleic acid is not bound to any molecule capable of 

10 effecting its entry into the cell. The cell is preferably 
additionally contacted with a cationic agent, such as a 
monocationic or polycationic liposome, such that the 
nucleic acid is not boxind to any molecule capable of 
effecting its entry into the cell other than, optionally, 

15 the cationic agent. 

BRIEF DESCRIPTION O F THE FIGURES 
Figure 1 is a graph of pRSVL amount (/ig) versus 
lucif erase activity (RLU/^ig cell lysate protein) for COS- 7 
20 cells incxibated with increasing amounts of pRSVL plasmid 
alone (o) or prior to infection with Ad- CFTR (•) . 

Figure 2 is a graph of adenovirus amount {fig) versus 
lucif erase activity (RLU//ig cell lysate protein) for COS- 7 
cells incubated with pRSVL and increasing ainoxints of Ad- 
25 CFTR (•), Ad-5 (Q) or Ad-dl312 (O) . 

Figure 3 is a graph of amount of cationic liposomes 
(fig) versus luciferase activity (RLU//xg cell lysate 
protein) for COS- 7 cells incubated with pRSVL and 
increasing amounts of cationic liposomes in the absence of 
30 (O) or prior to {•) infection with Ad -CFTR. 

Figure 4 is a graph of Ad- CFTR amoxint {fig) versus 
luciferase activity (RLU/mg cell lysate protein) for COS -7 
cells incubated with increasing amounts of Ad- CFTR at 4«'C 
for 4 hours, after which th temperature was raised to 37'C 
35 and the plasmid pRSVL was added. 
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Figure 5 is a graph of cimount of protein added (/xg/inl) 
versus lucif erase activity (% control) for COS -7 cells 
incubated with Ad-CFTR and pRSVL in the presence of 
increasing amounts of fiber (•) or hexon (O) . 

Figure 6 is a graph of amoiint of Ad-CFTR virus 
particles bound (X 10^) versus boimd/free (X 10"^) for COS-7 
(•) or HeLa (O) cells incubated with increasing 
concentrations of [^^S] Ad-CFTR for 2 hours at 4°C. 

Figure 7 is a graph of preincubation temperature of 
Ad-CFTR ("C) versus lucif erase activity on the left 
ordinate (% control; •) and uptake of labeled Ad-CFTR on 
the right ordinate {% control; o) for COS-7 cells incubated 
with pRSVL prior to infection with heat-treated Ad-CFTR {•) 
or with heat-treated Ad-CFTR and labeled Ad-CFTR (O) . 

Figure 8 is a graph of antisertun dilution versus 
lucif erase activity on the left ordinate (% control; •) and 
uptake of labeled Ad-CFTR on the right ordinate (% control; 
o) for COS-7 cells inciibated with pRSVL prior to infection 
with Ad-CFTR that had been preincubated with the antiserum 
for 15 minutes at room ten^jerature (•) or with Rd-CFTR that 
had been preincubated with the antiservim for 15 minutes at 
room ten5)erature and with labeled Ad-CFTR (o) . 

Figure 9 is a graph of chloroquine concentration (;iM) 
versus lucif erase activity on the left ordinate (% control; 
• } and uptake of labeled Ad-CFTR on the right ordinate (% 
control; o) for COS-7 cells exposed to pRSVL, the indicated 
concentrations of chloroquine and either Ad-CFTR (•) or Ad- 
CFTR mixed with labeled Ad-CFTR (o) , 

Figures 10 A-B illustrate the effect of DV radiation 
on adenoviral -mediated cointemal izatioa of pRSVL: (A) 
autoradiogram of ^^S- labeled proteins from 293 cells 
infected with Ad-CFTR that had been DV- irradiated for the 
lengths of time indicated; (B) graph of length of uy- 
irradiation of Ad-CFTR (sec) versus lucif erase activity 
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(RLU/mg cell lysate protein) for COS -7 cells incubated with 
pRSVL alone (o) or prior to infection with UV- irradiated 
Ad-CFTR (•) . 

Figure 11 is a graph of amount of empty capsids 

, 5 (fig/ml) versus lucif erase activity (RLU/mg cell lysate 
protein) for COS -7 cells inciibated with pRSVL and en^ty 
capsids of Ad-CFTR. 

Figiure 12 is a bar chart showing /3-galactosidase 
activity (\inits/mg cell lysate protein) for COS -7 cells 

10 incubated with pCMVjSgal alone (pcinel 1) or along with 
Lipof ectin* Reagent (panel 2 ) , DOTAP (panel 3 ) , polybrene 
(panel 4) , Trans fectam* Reagent (panel 5) and 
LipofectAMINE™ (panel 6) in the absence (solid bars) and 
presence (hatched bars) of Ad-CFTR. 

15 Figure 13 A-D is a series of phase contrast 

micrographs (1000 x magnification) showing /3-galactosidase 
activity in COS-7 cells transfected with pCMV/3gal and Ad- 
CFTR alone (A) or in conjunction with Lipof ectin® Reagent 
(B) , polybrene (C) , or Trans fee tarn* Reagent (D) . 

20 Figure 14 is a bar chart showing /3-galactosidase 

activity (units/mg cell lysate protein) for IB3-1 cells 
incubated with. pCMV/3gal alone (panel 1) or with liposomes 
conposed of the DOSPA:DOPB molar ratios corresponding to.. 
1.5:1 (panel 2), 1:1 (panel 3), 0.5:1 (panel 4), 0.25:1 

25 (pcinel 5) , and 0.1:1 (pcuiel 6) in the absence (solid bars) 
and presence (hatched bars) of Ad-CFTR. 

Figure 15 is a bar chart showing /3-galactosidase 
activity (xinits/mg cell lysate protein) for IB3 - 1 cells 
incubated with pCMV/Sgal alone (pemel 1) or with the 

30 liposomes Lipof ect AMINE™ (panel 2), 143-8 (panel 3), 143-7 
(panel 4), 143-4 (panel 5), 76-7 (panel 6), and 
Lipof ectACE™ (panel 7) in the -absence (solid bars) and 
presence (hatched bars) of Ad-CFTR. 

Figure 16 is- a bar c ha r t showing |8-galactosidase 

35 activity (units/mg cell lysate protein) for IB3-1 cells 
incubated with pCMVjSgal alone (peuael 1) or cU.ong with 
vesicles of 100 nm (panel 2), 200 nm (panel 3), 400 nm 
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(panel 4) , in size, or Lipof ectAMINE™ (panel 5) , or a 
mixture of the different size vesicles (panel 6) in the 
absence (solid bars) emd presence (hatched bars) of Ad- 
CFTR. 

5 Figure 17 A.-D is a series of graphs of time (minutes) 

versus relative fluorescence at 45 0 nm (in pixel 
intensities) for IB3-1 cells incubated with pCMVCFTR alone 
(A), plus either Ad. RSVjSgal (B) , or liposomes comprised of 
a 1:1 molar DOSPA:DOPE ratio (C) , or with the liposomes as 

10 well as the pCMVCFTR and Ad.RSV/Sgal plasmids (D) for 24 
hours, followed by another 18 hours incubation with SPQ 
(portion of the graph labeled 'iodide'), followed by 
incubation in buff er in which NaCl was replaced with NaNOj 
(portion of the graph labeled 'nitrate'), followed by 

15 incubation in buffer solution containing 20 fiM. forskolin, 
200 fHA cpt-cAMP, and 500 fiM IBMX (portion of the graph 
labeled 'cpt-cAMP + IBMX + FSK' ) . 

DETAILED DESCRIPTION OF THE INVENTION 

20 The present invention relates to a method of 

transferring nucleic acids to eukaryotic cells, which is 
mediated by adenovirus, and which may be further augmented 
through incorporation of cat ionic agents in the 
transfection reaction. Transfection refers to the tramsfer 

25 of nucleic acids into a cell by any means. In the context 
of the present invention, a cationic agent is a substance 
which carries a positive charge that enables it to interact 
with, anionic nucleic acids as well as, opt im a l ly, to 
spontaneously attach to negatively- charged cell surfaces. 

30 Cationic agents include monocat ionic liposomes, 
polycationic liposomes, polycarbenes , carbohydrates, 
polyamino acids, and other positively-charged species that 
may be capable of interacting with anionic nucleic acids, 
such, as spermine amd Cetlcium phosphate. Accordingly, the 

35 present invention provides, among other things, a method of 
adenovirsJ. -mediated transfection of nucleic acids, as well 
as augmentation of such transfection with cationic agents. 
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For ease of reference, the abbreviations used herein 
are as indicated in Table 1. 


Table 1. 

5 Abbreviations 



ATCC 
cDNA 

AiTiBirican Typ^ Culturs Collection 
con?)lementaxy deoxyribonucleic acid 


CF 

cystic fibrosis 


CFTR 

cystic fibrosis transmembrane conductiuice regulator 

10 

OS 

DOAB 
DNA 

calf ser\jm 

dioctadecylammonium bromide 
Oulbecco's modified Eagle medium 
deoxyribonucleic acid 


DOGS 

di octade cy 1 amidogly cy 1 spe rmine 

15 

DOPE 

dioleoylphosphatidyl ethanolamine 


DORI KTUER 

l,2-dioleyl-3-dimethylamino propyl -B-hydroxy- 
ethylanmonium acetate 


DORI BTHER 

N- (2 bromoethyl) -N,N-dimethyl-2,3-bis(9- 
octadece^yloty) -1-propananinium bromide 

20 

DORX ETHER 
PsTopylamins 

Propylamine N- [2- [ (3 -aminopropyl) amino] ethyl] -N,N- 
dimetbyl-2, 3-bis (octdecenyloty) -l-propaninium 
dibromide 


DOSPA 

2,3-dioleyloxy-N- [2 (sperminecarboxamido) ethyl] -N,II- 
dimetbyl-l-propanaminium trifluoroacetate 


DOTAP 

(1,2 -bis (oleoyloacy) -3 (trimethylammonio) propane 


DOTMA 

N- [1- (2,3-dioleyloxy)propyl] -N,N,N-trimetbylammonium 
chloride 


FBS 

fet2a bovine serum 

25 

FCS 

fetal calf serum 


GI 

gastrointestinal 


HEPES 

If -2-hydroxyethylpiperazine-W -2-ethaiiesulfonic acid 


kb 

kilobase pairs 


kDa 

kilodaltcn 

30 

Tmnr 

3 - isobutyl - 1 -methylxanthine 


ID 

TWRM 

omPG 

FBS 

inheritable disease 
improved modified Eagle medium 
o-nitrqphenyl P-D-galactcpyranoside 
phosphate buffered saline 

35 

PFU 
PBA 

plaque-forming units 
p^tide nucleic acid 


RLU 
RME 

relative light units 
rec^tor-mediated endocytosis 
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5 





Abbreviations 

RNA 

ribonucleic acid 

SDS 

sodium dodecyl sulfate 

spg 

(6-methoxy-N- (3-sulfopropyl) quinolinium 

SV40 

simian virus 40 

Tris 

tris (hydroxymethyl) aminomethane 

X-gal 

5 -bromo-4 -chloro- 3 - indolyl - P -D-galactopyranoside 


An Ad, unless specified otherwise, is of a human 
strain and con^srises a conplete adenoviral virus particle 
(i.e., a virion) consisting of a core of nucleic acid and 
a protein capsid. Preferred adenoviral vectors according 
to this invention include AdS, Ad-CFTR and Ad-ci23l2. 

For the purpose of this invention, the adenovirus 
employed for nucleic acid transfer may be wild- type (i.e., 
replication conDetent) . However, it is not necessary that 
the genome of the einployed adenovirus be intact. In fact, 
to prevent the virus from usurping host cell functions and 
ultimately destroying the cell, the adenovirus may be 
inactivated prior to its use, for example, by uv 
irradiation. Alternatively, the adenovirus may comprise 
genetic material with at least one modification therein, 
which may render the virus replication-deficient. 

The modification to the adenoviral genome may include, 
but is not limited to, addition of a DNA segment! 
rearrangement of a DNA segment, deletion of a DNA segment, 
replacement of a DNA segment, methylation of unmethylated 
DNA, demethylation of methylated DNA, and introduction of 
a DNA lesion. For the purpose of this invention, a DNA 
segment may be as small as one nucleotide and as large as 
36 kilobase pairs (kb) (i.e., the size of the adenoviral 
genome) or, alternatively, may equal the maximum amount 
which can be packaged into an adenoviral virion (i.e., 
about 38 kb) . 

Such modifications to the adenoviral genome may render 
the adenovirus replication- deficient . Alternatively, the 
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modification may alter the ability of the adenovirus to 
bind to its cell surface receptor, the ability of Ad 
internalized by RME to escape from the endosome by lysis of 
same, and the ability of RME to essentially reroute 
5 cointemalized nucleic acids from their fated path of 
intracellular processing (i.e., primarily phagocytic 
degradation) by allowing the transport of such cargo 
V molecules to the nucleus. 

Moreover, in a preferred embodiment of the present 

10 invention, the Ad genome is not even present, and the 
adenovirus employed for nucleic acid transfer is not a 
complete virion, but conprises instead empty protein 
capsids. Alternatively, it may be possible to construct 
artificial capsids, by linking the amino- or carboxy- 

15 terminal sequences of proteins, peptides or glycoproteins 
to lipids. The resultant lipid moiety could then be 
incorporated into a liposome. Such techniques are known in 
the art, and in fact have been used to construct liposomes 
carrying influenza virus glycoproteins on their surface 

20 (Tikchonenko et al.. Gene . 61, 321-330 (1988)). 

In cuiother preferred embodiment, the present invention 
contemplates that the properties of the employed adenovirus 
(e.g., the cell binding, endosomal lysis or intracellular 
targeting capabilities of the adenovirus) may be altered 

25 not by modification of the adenoviral genome per se, but by 
use of agents which, although they might in fact alter the 
genome, primarily act by altering certain properties of the 
adenovirus. In preferred embodiments of the present 
invention, adenoviral properties may be altered by heat- 

30 treatment, or by exposure to either antiserum to the 
adenovirus, or chloroquine. Alternatively, the adenovirus 
may be inactivated by either short -wavelength or long- 
wavelength DV irradiation (i.e., radiation of viral sanqales 
with either DVA, DVB or UVC) , which may further be employed 

35 in conjunct i n with other agents which may synergize with 
DV iirradiation in effecting viral inactivation, such as for 
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instance, DNA intercalators, including psoralens (e.g., 
a-methoxypsoralen) . 

The nucleic acid being transferred niay con?)rise DNA, 
RNA, or PNA which may be as small as one repeat unit (i.e., 
5 a nucleotide for DNA and RNA, and a 2-aminoethylglycine 
unit to which a base is attached for PNA) and as large as 
can reasonably be isolated or synthesized, or tremsferred 
to a host cell using the method of the present invention. 
The nucleic acid may constitute or encode sense or 

10 antisense sec[uences, including ribozymes, or catalytic RNA 
species such as described in the art (Hcuipel et. al.. 
Nucleic Acids Research. IS., 299-304 (1990); Cech et al.. 
Annual Rev. Biochem. . 599-629 (1986)), as well as 

engineered sequences, or sequences which are not normally 

15 present in vivo . The nucleic acid may be linear, circular, 
or of any topology. RNA sequences may be unmodified, or 
may be modified to retard degradation. The invention 
further contemplates nucleic acids comprised of 
oligonucleotides (Ts'O et al., anna,i,fa m v Acad. Sci. . 570, 

20 220-241 (1987) ) . 

Nucleic acids can be either single -stranded, double - 
stranded, or triple- stranded, or a raixtxire of single-, 
double-, or triple- stranded regions, and may be con^jrised 
of more than one type (i.e., DNA, RNA, or PNA) of nucleic 

25 acid. Nucleic acids may contain lesions including but not 
limited to: a missing base or altered base (e.g., an 
alkylated base)-, a cyclobutyl dimer, strand breaks, and 
cross -linking of nucleic acid strands. 

The nucleic acid may be present in any type of vector 

30 appropriate for introduction of nucleic acids into 
eutauyotic cells, or may not be subcloned in any vector at 
all. For example, the following list of vectors which may 
be ^ employed is by no means exhatistivet mammalian 
expression vectors, vectors in which the subcloned nucleic 

35 acid is xinder the control of its own cis - acting regulatory 
elements, and vect rs which are designed to facilitate gene 
integration or gene replacement in host cells. 
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In the method of the present invention, the nucleic 
acid may be transferred to a eukaryotic host cell. This 
eukaryotic host cell may be present in vitro or in vivo . . 
In a preferred embodiment of the present invention, in vivo 
5 transfection of nucleic acids is conteitplated. However, 
the method of the present invention also contemplates 
nucleic acid transfer in vityo. 

The method of the present invention can be effectively 
carried out using a wide variety of different cell types, 

10 albeit with differing levels of efficiency. The method can 
be employed in various cells differing both in number of 
adenovirus receptors as well as in the affinity of the cell 
surface receptors for adenovirus. Accordingly, the types 
of cells to which gene delivery is contemplated in vitro or 

15 ia vivo in the context of the present invention include 
avian and fish cells, amd mammalian cells including but not 
limited to rodent, ape, chimpanzee, feline, . canine, 
ungulate (such as ruminant or swine) , as well as human 
cells. Moreover, if nucleic acid transfer to a particular 

20 cell type is limited due, for instance, to a lack of 
receptors for adenovirus, transfer may be increased using 
methods en?>loyed, for example, to carry human adenovirus 
into blood cells. Namely, the virus can be coupled to a 
DNA-polylysine con?)lex containing a ligand (e.g., 

25 transferrin) for mammalian cells (Wagner et al., Prpc, 
Natl. Acad. Sci. . SI. 6099-6103 (1992)). 

Adenoviral -mediated t ran sfect ions and augmentation 
thereof with cationic agents can be carried out over a 
range of cell densities. However, the method is 

30 particularly appropriate for ia vitro transf ections when 
cells are at used a density of about 10^ to 10^ cells/ml. 
Eukaryotic cells need not be exponentially growing at the 
time of transfection, and may even be terminally 
differentiated. 

35 In a preferred embodiment of the present invention, 

the method of nucleic acid transfer is accon?)lished by 
contacting the eukaryotic cell with the nucleic acid and an 
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adenovirus. In this method, the nucleic acid being 
transferred is not bound to any molecule capable of 
effecting its entry into the cell. Thus, this method 
differs over those previously described, wherein, for 
example, the nucleic acid is transferred to cells as a 
consequence of being attached to the outside of an 
adenoviral capsid (Curiel et al., Human GenP Th<^-r 3, 147. 
154 (1992)), or as a result of being part of a polylysine- 
glycoprotein carrier complex (Gotten et al., Proc. Nari . 
Agacj. Sci, , 89, 6094-098 (1992); Curiel et al., Proc. Natl. 
Ac^d. Sci,. , 88, 8850-8854 (1991); Gotten et al., 
Virology , 67, 3777-3785 (1993)). However, the method does 
not preclude modifications to the nucleic acid which do not 
in and of themselves provide a means of transport for the 
nucleic acid into the cell, such as, for example, 
modifications to RNA or oligonucleotides which act to 
stabilize the resultant modified nucleic acid. 

In another preferred embodiment of the present 
invention, the method of nucleic acid transfer is 
accon^jlished by contacting the euJcaryotic cell with the 
nucleic acid, an adenovirus, and a cationic agent. While 
any suitable cationic agent may be utilized such as a 
carbohydrate, a polyamino acid, and other cationic agents 
capable of interacting with anionic nucleic acids, the 
cationic agent is preferably comprised of a polycarbene, or 
a liposome, which is essentially a hollow vesicle con5)rised 
of one or more layers. 

In this preferred method of nucleic acid transfer, the 
nucleic acid being transferred is not bound to any molecule 
capable of effecting its entry into the cell, other than, 
optionally, the cationic agent. it is possible that 
spontaneous con^jlexes of the cationic agent and the nucleic 
acid may form since the nucleic acid may be preincubated 
with the cationic agent; however, such con?)lexes have not 
been described in the literature as being en^jloyed in 
conjunction with adenovirus as a means of transfecting 
nucleic acids. This is likely due to evidence of previous 
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studies supporting the increased cytotoxicity of 
exogenously supplied liposomes to cells transformed with 
adenovirus (Shimura et al., Cancer Re search. 48, 578-583 
(1988)), and thus suggesting the futility of the present 
5 preferred approach to cell transfection using adenoviral 
infection in combination with nucleic acids preincubated 
with - cationic agents. Thus, this method of nucleic acid 
transfer, like the other preferred method of nucleic acid 
transfer not involving cationic agents, differs over 
previously described methods. 

Furthermore, it is even more preferable that the 
cationic agent en^Dloyed in the method of the present 
invention is not boiind to any molecule which in and of 
itself is capable of effecting the entry of substaxices into 
the cell. This would preclude use of cationic agents, such 
as those described in the literature, in which the cationic 
agent is complexed, for example, with a ligand for a cell 
surface receptor (e.g.. Gotten et al.. Methods in Enzvmol . . 
217 . 618-644 (1993)) . However, these agents do not appear 
to have been employed in conjunction with adenoviral - 
mediated cell transfection. 

For these embodiments, the contacting of cells with 
the various components of the present invention may occur 
in any order, or may occur simultaneously. In a preferred 
embodiment, the nucleic acid and cationic agent may be 
mixed together and preincubated prior to contacting the 
cell. Preferably, the cell may be contacted with the 
adenovirus less than about 8 hours after, or less than 
about 8 hoxirs before, the cell is contacted with the 
nucleic acid, or with the nucleic acid which has been 
preincubated with a cationic agent. Even more preferably, 
the cell may be contacted with the adenovirus more than 
about 2 hours after, or less than about 2 hours before the 
cell is contacted with the nucleic acid, or with the 
nucleic acid which has been preincubated with, a cationic 
agent. In a f\irther preferred embodiment of the iiavention. 
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adenovirus may be employed in an amoxint of about 10 to 
about 2000 placque forming units per cell to be contacted. 

Cells being contacted in the transfection method of 
the present invention are cultured in a reduced- serum 
5 medium for about 2 hours prior to transfection. Then 
plasmid (either in the presence or absence of cationic 
agents) or adenovirus is added to the cells. Following the 
appropriate length of time, either adenovirus or plasmid 
accompanied or not by cationic agents, i.e., whichever was 

10 not added previously, is applied to the incubation mixture, 
and the transfection is allowed to proceed for about 8 to 
50 hours. During that time, the cell culture mediiim may 
optimally be replaced with either DMBM or IMEM supplemented 
with either PCS or FBS. 

15 The contenplated uses of the present invention 

con5)rise use of technology traditionally en^jloyed for 
synthesis and use of cationic agents, as well as emerging 
technology. Accordingly, the nucleic acids may be 
preincTobated with the cationic agents including liposomes 

20 under the appropriate conditions for appropriate lengths of 
time such as is known in the art and has been described in 
the literature (e.g., Tikchonenko et al.. Gene . £2.. 321-330 
(1988) ) . 

The cationic agent may be con?)rised of a polycarbene 
25 such as 1, 5-dimethyl-l, 5-diazaundecamethylene 
polymethobromide, or polybrene. Alternatively, the 
cationic agent may be a liposome. The liposome may be 
con?)rised of one or a mixture of agents which are 
appropriate for liposome formation smd are known in the 
30 art, such as lipids, phospholipids, cholesterol, etc. 

Preferably, the liposome of the present invention is 
coniprised of lipid. The lipid may be positively charged, 
negatively charged, or neutral. Neutral eind negatively 
charged lipids indiide but are not limited to phospholipids 
35 or mono-, di-, or triacylglycerols. The positively charged 
lipid may be such as is included in a monocationic and 
polycationic liposome. 
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The cationic agent may be a monocationic liposome. 
Preferred monocationic liposomes include liposomes 
comprised of the lipids N- [1- (2, 3-dioleyloxy)propyl] -N,N,N- 
trimethylammonium chloride (i.e., DOTMA, or Lipofectin® 
Reagent) , 1,2-bis (oleoyloxy) -3- (trimethylammonio) propane 
(i.e., DOTAP) , and a 2:1 molar ratio of l,2-dioleyl-3- 
dimethylamino propyl -B-hydroxy-ethylairanonium acetate (i.e., 
DORI ETHER) and dioleoylphosphatidyl ethanolamine ( i . e . , 
DOPE), which together comprise the agent 143-7. Liposomes 
suitable for use in the present invention are described in 
U.S. Patent Application Serial No. 07/937,508, as well as 
U.S. Patent 5,264,618. 

The cationic agent may be a pclycationic liposome. 
Preferred polycationic liposomes include - liposomes 
comprised of dioctadecyiamidoglycylspentiine (DOGS; 
Transfectam® Reagent), a 1.5:1 molar ratio of the lipids 
2 , 3 -dioleyloxy-N- [2 (sperminecarboxamldo) ethyl] -N,N- 
dimethyl-l-propamaminiiim trif luoroacetate (DOSPA) and DOPE 
(i.e., Lipof ectAMHra™) , or a 1:1 DOSPA: DOPE molar ratio. 

The liposomes of the present invention may be used 
alone, or in combination with liposomes con^jrised of other 
cationic lipids . Liposomes con^srised of lipids having 
metabolizable ester bonds are preferred for dji vivo use. 

The cationic agent of the present invention may also 
be con?)rised of a carbohydrate, including but not limited 
to DEAE-dextran, and a polyamino acid, including but not 
limited to poly- L- ornithine. Additionally, the cationic 
agent may be con?)rised of other positively- charged species 
that may be capable of interacting with euiionic nucleic 
acids, such as spermine cuid calciian phosphate. These 
cationic agents may be used alone, or in combination with 
other agents, particularly other cationic agents. The 
cationic agents may be used as is known and described in 
the prior art (e.g., Tikchonenko et al.. Gene. £1, 321-330 
(1988); U.S. Patent 5,264,618; Sambrook et al. (eds.), 

Mn1>>fnilar Cloning: A L^ifor^tQr/ mm^l. (NY: Cold Spring 

Harbor Laboratory Press, 1989) . 


wo 95/21259 


PCT/US95/0O924 


22 

The compositions of the present invention (i.e., 
compositions comprising a nucleic acid, an adenovirus, and, 
preferably, a cat ionic agent) may be made into 
pharmaceutical compositions with appropriate 
pharmaceutically acceptable carriers or diluents, and where 
appropriate, may be formulated into preparations in solid, 
semi- solid, liquid or gaseous forms such as tablets, 
capsules, powders, granules, pintments, solutions, 
suppositories, injections, inhalants, and aerosols, in the 
usual ways for their respective route of administration. 
Means known in the art can be utilized to prevent release 
and absorption of the con^josition until it reaches the 
target organ or to ensure timed- release of the composition. 
A pharmaceutically acceptable form should be employed which 
does not ineffectuate the con?)ositions of the present 
invention. In pharmaceutical dosage forms, the 

coii5)ositions may be used alone or in appropriate 
association, as well as in combination with, other 
pharmaceutically active compounds. For example, in 
applying the method of the present invention for delivery 
of a nucleic acid encoding CFTR to cells lacking same, such 
delivery may be employed in conjunction with other means of 
treatment of CFTR deficiency, such as, for example, 
treatment with domase alfa (or Pulmozyme) , a recombinant 
human DNase that liquefies the thick mucous in the lungs of 
CF patients - 

Accordingly, the pharmaceutical conpositions of the 
present invention can be delivered via various routes and 
to various sites in an animal body to achieve a particular 
effect. Local or systemic delivery can be accon^jlished by 
administration con?)rising application or instillation of 
the formulation into body cavities, inhalation or 
insufflation of an aerosol, or by parenteral introduction, 
comprising intramuscular, intravenous, peritoneal, 
subcutaneous, intradermal, eis well as topical 
administration. 
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The composition of the present invention can be 
provided in unit dosage form wherein each dosage \init, 
e.g., a teaspoonful, tablet, solution, or suppository, 
contains a predetermined amount of the con?)osition, alone 
5 or in appropriate combination with other active agents. 
The term "un±t dosage form" as used herein refers to 
physically discrete units suitable as iinitary dosages for 
human and animal sub j ects , each unit containing a 
predetermined quantity of the composition of the present 
invention, alone or in combination with other active 
agents, calculated in an amount sufficient to produce the 
desired effect, in association with a pharmaceutically 
acceptable diluent, carrier, or vehicle, where appropriate. 
The specifications for the novel unit dosage forms of the 
present invention depend on the particiilar effect to be 
achieved and the particular pharmacodynamics associated 
with the pharmaceutical coii?)osition in the particular host. 

Accordingly, the present invention also provides a 
method of transferring nucleic acids to . a host, which 
comprises administering the coir?)osition of the present 
invention using any of the aforementioned routes of 
administration or alternative routes known to those skilled 
in the art and appropriate for a particular application. 
The "effective amount" of the composition is such as to 
produce the desired effect in a host which Cem. be monitored 
using several end-points known to those skilled in the art. 
For exanqole, one desired effect might con^jrise effective 
nucleic acid transfer to a host cell. Such transfer could 
be monitored in teims of a therapeutic effect (e.g. 
alleviation of some syn^Jtom associated with the ID being 
treated) , or by further evidence of the transferred gene or 
e:qpression of the gene within the host (e.g., using the 
polymerase chain reaction. Northern or Southern 
hybridizations, or transcription assays to detect the 
nucleic acid in host cells, or using immunoblot analysis, 
cmtibody-mediated detection, or particularized assays to 
detect protein or polypeptide encoded by the transferred 
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nucleic acid, or impacted in level or fvmction due to such 
transfer) , Three such particularized assays described in 
the Exan?)les which follow include the assay for expression 
of the ^-galactosidase or lucif erase reporter genes, and 
. 5 the assay for cAMP- stimulated CI" efflux in certain cells. 

These methods descrihed are by no means all-inclusive, 
and further methods to suit the specific application will 
be apparent to the ordinary skilled artisan. Moreover, the 
effective amount of the con^ositions can be further 
10 approximated through analogy to compounds known to exert 
the desired effect (e.g., Pulmozyme treatment of a fibrotic 
patient might provide some guidance in terms of the amount 
of a CFTR nucleic acid to be administered to a host) . 

Furthermore, the amounts of each active agent included 
15 in the conpositions en^jloyed in. the exaii?)les described 
herein (i.e., per each cell to be contacted, about 10 to 
2000 adenoviral PFU, and more preferably, about 10 to 1000 
adenoviral PFU; and about 0.1 to 20 /ig per million cells to 
be contacted) provide general guidance of the range of each 
20 con?)onent to be utilized by the practitioner upon 
optimizing the method of the present invention for practice 
either ia vitro or ia vivo . Moreover, such ranges by no 
means preclude use of a higher or lower amovmt of a 
con^jonent, as might be warranted in a particular 
25 application. For example, the actual dose and schedule may 
vary depending on whether the coo^iositions are administered 
in combination witb other pharmaceutical compositions, or 
depending on interindividual differences in 
pharmacokinetics, drug disposition, and metabolism. 
30 Similarly, amounts may vary in in vitro applications 
depending on the particular cell line utilized (e.g., based 
on the number of adenoviral receptors present on the cell 
surface, or the ability of the particular plasmid en^jloyed 
for nucleic acid transfer to replicate in that cell line) 
35 or the type of cationic agent en?)loyed. Furthermore, the 
amount of nucleic acid t be added per cell will likely 
vary with the length and stability of the nucleic acid, as 
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well as also the nature of the sequence, and is 
particularly a parameter which needs to be determined 
empirically, sind may be altered due to factors not inherent 
to the method of the present invention (e.g., the cost 
5 associated with synthesis, for instance) . One skilled in 
the art can easily make any necessary adjustments in 
accordance with the necessities of the particular 
situation. 

10 The following examples further illustrate the present 

invention but, of course, should not be construed as in any 
way limiting its scope. 

EXAMPLE 1: Adenovir al Mediated Augmentation of Cell 

15 Transfection with pRSVL 

This Exan?)le confirms that eatposure of target cells to 
an Ad and an unlinked^ and \inmodified plasmid vector results 
in the enhancement of the expression of a reporter gene 
contained within the plasmid as con?)ared with exposure of 

20 the cells to the plasmid alone. 

The cell cultures described herein were ert^jloyed in 
most of the Exan^les which follow. The Ad Type 5 (i.e., 
AdS) -transformed hximan embryotdc kidney cell line 293 
(American Type Culture Collection (ATCC) , CRL 1573) (Graham 

25 et al., J. Gen. Virol. . !£/ 59-72 (1977)) and the human 
cervical carcinoma cell line HeLa (ATCC CI.2) were grown in 
improved modified Eagle mediiaa (IMEM) containing 10% fetal 
bovine serum (FBS) , 2 mM glutamine, 50 units/ml penicillin, 
and 50 ng/ml streptomycin (cG.1 from Biofluids, Rockville, 

30 MD) . COS -7 (ATCC CRL 1561) , is a derivative of the African 
green monkey kidney cell line CV-1 (ATCC CRL70) transformed 
with a mutant of simian virus 40 (SV40) . COS-7 smd CV-l 
cells were maintained in either Dulbecco's modified Eagle 
medium (DMEM; BioWhittaker, Inc., Walkersville, ^4D) 

35 supplemented with 10% FBS, 2 mM glutamate, 100 units/ml 
penicillin, and 100 /»g/ml streptomycin, or in IMEM 
supplemented with 10% calf serum (CS) , 50 units/ml 
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penicillin, axid 50 fig/tal streptomycin (all from Biofluids) . 
Cultures were inciibated at 370C in 10% COj, unless 
maintained in an appropriate cell culture medium (i.e., 
buffered sodium bicarbonate- free medium) in the absence of 
5 a COj- enriched environment, as specified, or unless cultured 
in DMEM, for which incubation was in 5% COj. 

The adenoviral vectors enployed in these experiments 
include the replication-deficient recombinant adenoviruses: 
Ad-CFTR, an Ad5 -derived vector that possesses a deletion 

10 which encon?>asses all of the Ela region and part of the Elb 
cuid E3 regions, and contains a subcloned 4 . 5-]cilobase human 
cystic fibrosis transmembrane conductance regulator (CFTR) 
cDNA driven by the Ad2 major later promoter (Rosenfeld et 
al.. Cell . £8, 143-155 (1992)); and the Ela deletion virus 

15 Ad-dI312 (Jones et al.. Cell, 17, 683-689 (1979)). The 
replication- con^jetent Ad employed in these Examples was 
wild- type Ad5, which was obtained from H. Ginsberg of the 
Department of Microbiology, Columbia University. All 
viruses were propagated in 293 cells, recovered 36 hours 

20 after infection by 5 cycles of freezing/ thawing, purified 
by CsCl density centrifugation (Graham et al . , Virology . 
52., 456-4 6 7 (19 77)), dialyzed, and stored in virus dialysis 
buffer (10 mM Tris-HCl, pH 7.4, l mM MgCl2/ 10% glycerol) 
at -70''C prior to use. Titers of the viral stocks were 

25 determined by plaque assay using 293 cells (Berkner, K.L., 
BioTechnioues. £, 606-629 (1988); Graham et al., VirQloay . 
52, 456-467 (1977)) . The plasmid vector pRSVL employed in 
cointemalization studies contains the Rous sarcoma virus 
long terminal repeat as a promoter driving expression of a 

30 reporter gene con?)rised of the fdLrefly luciferase cDNA (de 
Wet et al., Mol. Cell Biol.. 2, 725-37 (1987)). 

For transfection of COS-7, HeLa, smd CV-i cells with 
pRSVL, exponentieaiy growing cells were first detached 
using trypsin, and t he n seeded at a density of 1-2 x 10^ 

35 cells in 10- cm diameter plates or, eLLtematively, a density 
of 0.5 X 10^ cells in 60-mm diaxneter plates. After 20 
hours, cells were washed once with a reduced serum medixim 
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(OPTI-MEM® I reduced serum medium; GIBCO/BRL, Grand Island, 
NY) , and were maintained in the OPTI-MEJI® I medium for 2 
hours xintil transf ection. Unmodified pRSVL plasmid 
(typically 5 ng unless expressed otherwise) diluted in 
0.1 ml of OPTI-MEM® I was then added directly to the 
cultured cells. After 0-30 minutes, either Ad-CFTR, 
Ad-dI312, or Ad5 (the amounts are stated with each 
experiment) was added to the plates and mixed in the cell 
culture medium by gentle rocking. The cultures were 
incuJaated for 24 hours. The mediiun was then aspirated and 
changed to DMEM supplemented with 10% FBS, or IMEM 
containing 10% fetal calf serum (PCS; Hyclone, Logan, UT) ) , 
and the cells were incubated for another 24 hours. The 
cells were then scraped from the plates, washed twice with 
phosphate -buffered saline, pH 7.4 (PBS; BioWhittaker, 
Inc.) , and evaluated for the amount of lucif erase activity. 

Luciferase activity in cultured cells was quantitated - 
using standard methods (de Wet et al., Mol. Cell Biol.. 2, . 
725-37 (1987)). After 48 hours incubation of cells with ■ 
pRSVL (alone or in combination with Ad and/or liposomes) , 
the cells were detached from the plates with trypsin, 
briefly pelleted, and washed twice with PBS. The cells 
were then resuspended in 150-200 ^tl of lysis buffer (100 mM 
potassium phosphate, pH 7.8 and 1 mM dithiothreitol (Sigma, 
St. Louis, Mo.), and lysed by 3 cycles of freezing and 
thawing. Cell lysates were obtained by cent rifugat ion of 
the suspension at 15,000 x gr for 5 minutes at 4<»C. 
Luciferase activity was assayed in a reaction incorporating 
100 111 of cell lysate supernatant, 5 mM ATP (Pharmacia, 
Uppsala, Sweden) 15 mM MgClj, and 1 mM D- lucif er in 
potassixm, and using a Monolight 2010 luminometer 
(Analytical Luminescence Laboratories, Ssui Diego, CA) . The 
total protein concentration of the tcurget cells was 
measured by the method, of Bradford using a kit according to 
the reccimnendations of the manufacturer (Bradford, Anal. 
Biochem. . 72, 248-254 (1975) ; Bio-Rad, Richmond, CA) , and 
using bovine serum albxjmin as the standard. Luciferase 
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activity was expressed as relative light units (RLU) per 
unit (either fig or mg) of cell lysate protein after 
subtracting background (de Wet et al . , Mol. Cell Biol. . 7, 
725-37 (1987) ) . 

5 In the present Exantple, cultures of COS -7 cells were 

exposed to amounts of pRSVL ranging from about 0-15 fig, 
either alone, or prior to infection with Ad-CFTR (200 
plaque- forming units (PFU)/cell). Luciferase activity was 
monitored 48 hours later, and- the average and standard 

10 error of the mean were calculated based on triplicate 
determinations. 

As presented in Flgtire 1, luciferase activity was 
observed at low levels in COS -7 cells after addition of 
pRSVL alone and increased about six- fold with increasing 

15 amounts of the plasmid- In contrast, COS-7 cells infected 
with Ad-CFTR following the addition of pRSVL demonstrated 
a sxibstantial increase in luciferase activity- While pRSVL 
cdone yielded a maximum of less than 15 RLU//tg of cell 
lysate protein, the addition of Ad-CFTR resulted in RLU/ng 

20 cell lysate protein values ranging from 10* (using 0.1 fig 
of pRSVL) to 10^ (using 15 fig of pRSVL) . This translates 
to a 10* -fold increase over the addition of the plasmid 
alone. Moreover, the results confirm that the adenovirus 
infection itself did not induce luciferase expression by 

25 the cells, since COS -7 cells infected with Ad-CFTR alone 
(in the absence of pRSVL) showed no luciferase activity. 

The data in this Example validate that this strategy 
can be entployed as a highly efficient method for 
transferring unmodified plasmid DNA into cultured cells ia 

30 YitTQ. The present study, consistent with a number of 
studies with Ad-medlated cointemalization of proteins and 
carbohydrates { Fernandez -Puentes et al.. Cell . 20 . 769-775 
(1980); FitzGerald et al.. Cell . 22., 607-617 (1983); Seth 
et al., Mol. Cell Biol. . 4, 1528-1533 (1984); Yoshimura, 

35 Cell Str uct. Funct. . Ifl., 391-404 (1985); Otero et al., 
Viroloay . 160 . 75-80 (1987); Defer et al., J. Virol. . 64, 
3661-3673 (1990) ; Carrasco, Virology . 113 . 623-629 (1981); 


wo 95/21259 


PCTAJS95/00924 


29 

Yamaizumi et al., viroloav . £5, 216-221 (1979); Carrasco et 
al., Virology . 117 . 62-69 (1982)), demonstrates that 
plasmids, like other macromolecules, need not be coupled to 
the adenovirus or any other molecule for efficient 
5 cointemalization by Ad into target cells. Furthermore, 
the adenoviral -mediated augmentation of transfer and 
expression of plasmid- encoded DNA is dependent on the 
amount of the plasmid administered,, with more transfection 
observed in accordance with greater amounts of plasmid 
10 administered. 

EXAMPLE 2; The Aden oviral -Mediated Augmentation of Cell 
Transfection with pRSVL is Not Depe ndent on Use of a 
Particular Recipient Strain 

15 To determine whether Ad-mediated augmentation of 

transfection is a phenomenon specific to COS-7 cells or, 
more particularly, the SV40 conqponents such as the SV40 
large tximor antigen present within COS-7 cells, the cell 
lines HeLa and CV-1 (which do not produce SV40 conponents) 

20 were evaluated in parallel with COS-7 cells as set forth in 
Exan^Jle 1. Transfections of each cell type were done in 
triplicate, euid cells were infected with 200 PFU of Ad- 
CFTR/cell. After incubation, lucif erase activity was 
measured in the cell lysate, corrected for total protein, 

25 and the mean of the triplicate samples for each condition 
was calculated- The -fold enhancement was calculated by 
dividing the meaji of each condition by the mean of 
triplicates receiving pRSVL alone. 

The results of these eaq^eriments presented in Table 2 

30 (i.e., the first column) confirm the ability of Ad-CPTR to 
enhance lucif erase activity in all three cell lines. The 
enhancement among the different cell types was in the range 
of 150- to 2000-fold, with CV-1 cells demonstrating the 
least enhancement, and COS-7 cells, the most. 

35 ' ■ 


Table 2. 

Con^arison o£ adex»virus-mediaced enhancemen t o£ luciferase 
activity among COS-7, HeLa and CV-1 cells transfected with pRSVL 
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Cell Line 

Ad-CFTR 

alone 

Enhancement of 

luciferase activity 

Cationic 
liposomes alone 

Ad-CFTR plus 
cationic liposomes 

COS -7 

2.1 X 

103 

1.5 X 10'* 

1.1 X 10^ 

HeLa 

1.8 X 

103 

2.0 X 10^ 

1.2 X 10* 

cv-i • 

1.4 X 

102 

4.5 X 10» 

9.3 X 10^ 


These results confirm that Ad -mediated augmentation of 
10 cell transfection can be obtained using different types of 
eu]caryotic cells. It cannot be discerned from these data 
whether the greater degree of augmentation in SV40- 
transformed COS -7 cells as compared with CV-l cells is due 
to an interaction of the adenovirus with the SV40 component 
15 of the COS- 7 cells. However, since HeLa cells (which, like 
CV-i cells, - do not produce SV40 conponents) show similar to 
greater e nhan cement as con^jared with the COS -7 cells, these 
results confirm that the adenoviral -mediated enhancement of 
cell transfection is not dependent on an interaction 
20 specific to SV40- transformed cells, and can be observed in 
other eukaryotic cells. 

TOMPLE 3: The Adenoviral -Media ted Auomgntation of r^n 
Trangfection with PRSVL is Wot D e pendent nn the Hap nf ^ 
25 Particular AdenovlT-aT y^nrr^r^ 

To determine whether Ad-mediated augmentation of 
transfection is a phenomenon specific to the Ad-CFTR 
vector, the AdS and Ad-dI312 vectors were evaluated in 
parallel with Ad-CFTR as set forth in Exaii?)le 1. 
30 Transfections of COS- 7 cells were done in triplicate, and 
the average and standard error of the mean were bcised on 
these triplicate determinations. 

The results presented in Figure 2 confirm that the 
augmentation of expression of the luciferase gene is not 
35 specific to Ad-CFTR, and is not mediated by the exogenous 
cystic fibrosis transmembrane conductance regulator (CFTR) 
cDNA contained in Ad-CFTR, since augmentation was observed 
with other adenoviruses not incorporating the CFTR cDNA, 
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including the Ela deletion imatant Ad-dI312, and wild- type 
Ad5. 

To investigate a dose- response relationship between 
the amount of Ad administered and lucif erase aictivity, 0- 
5 2000 PFU/cell of Ad-CFTR, Ad-dI312, or AdS were added to 
the COS -7 cells exposed to 15 ng of pRSVL. For all three 
adenoviral vectors, the augmentation of the expression of 
the plasmid vector- encoded lucif erase reporter gene in COS- 
7 cells was observed in a dose -dependent fashion. When no 

10 Ad was added, the COS- 7 cells exhibited base-line 
lucif erase activity (i.e., as demonstrated by the line 
labelled pRSVL plasmid 'Alone' in Figure 1) . However, when 
increasing amounts of Ad ranging from 20 to 200 PFU/cell 
were added, lucif erase activity increased correspondingly. 

15 COS -7 cells infected with 2000 PFU/cell of each Ad 
demonstrated lucif erase activity that was 10* -fold higher 
than when no Ad was added, regardless of which Ad was used 
in the study. 

These results validate that Ad-mediated augmentation 
20 of cell transfection Ccm be obtained using different types 
of Ad, and more particularly, using either replication- 
deficient or -competent adenoviruses. Since a similar 
level of enhancement of transfer and esqiression of the 
foreign gene in the plasmid can be achieved with a 
25 replication-deficient recombinant Ad as with wild- type Ad, 
a replication- deficient recombinant Ad can be en^jloyed 
instead of wild- type Ad, thus eliminating harmful adverse 
effects of infection with wild- type Ad, such as cell death. 
Moreover, the effect of the Ad augmenting transfer and 
30 expression of the gene within plasmid DNA is dependent on 
the amount of Ad administered. 

EXAMPLE 4: Adenoviral -Mediated Augmentation of Cell 
Transfectio n with pRSVL can be Further Increased when 
35 Cells are Exooaed to pRSVL Preincubated with Cationic 

Li posomes 
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To enable a comparison of the efficiency of Ad- 
mediated augmentation of cell trans fee tion with 
transfection effected by a known transfection reagent, 
expression of the lucif erase reporter gene in COS -7 cells 
5 exposed to the pRSVL plasmid together with cationic 
liposomes was evaluated along with cells exposed to pRSVL 
plus cationic liposomes followed by Ad-CFTR infection (200 
PFU/cell) . 

The cationic liposomes en^jloyed in this Exan^jle were 

10 obtained using Lipofectin® Reagent (Bethesda Research 
Laboratories) , which comprises positively charged N- [1- 
(2 , 3 -dioleyloxy) propyl] -N, N, N- 1 rime thy 1 ammonium chloride 
(DOTMA) liposomes. It has been previously demonstrated 
(Feigner et al., Proc. Natl. Acad. Sci.. M, 7413-7417 

15 (1987)) and is presented in Figure 3 that exposure of cells 
(such as the COS -7 cells err^jloyed in this Exaitple) to 
cationic liposomes mixed with a plasmid (in this case, 
pRSVL) augments transfection of COS -7 cells in a dose- 
dependent fashion. For these e3q>eriments , amounts of 

20 liposomes ranging from O-lOO fig were mixed with 15 iig of 
pRSVL in a toteil volume of 100 nl according to the liposome 
manufacturer's protocol, and the resultant liposome-DNA 
con5>lexes were added to COS -7 cells. Cells were evaluated 
for lucifersme activity after 48 hours of transfection in 

25 the absence or presence of infection with 200 PFU/cell of 
Ad-CFTR, and the average and standard error of the mean 
were calculated based on triplicate detexmiziations . 

As presented in Figure 3, increasing amounts of 
liposomes added to the cells along with a fixed amount of 

30 pRSVL resulted in an increcise in lucif erase activity in 
COS -7 cells from a basal level (corresponding to the 
addition of no liposomes) , to a level of 10* RLU//ig cell 
lysate protein (corresponding to the addition of 50 or 100 
US of cationic liposomes) . Cells incxibated with liposomes 

35 alone did not danonstrate lucif erase activity (data not 
shown) . 
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The level of luciferase activity obtained upon 
transfection with pRSVL preinciibated with 50 fig of 
liposomes (e.g., Figure 3 and Table 2, last two columns) 
was similar to the level of luciferase activity obtained by 
5 Ad-CFTR infection plus pRSVL (e.g., Figure 2). However, 
when Ad-CFTR infection was employed subsequent to exposure 
of the cells to the liposomes plus DNA, an even greater 
enhancement of reporter gene expression was obtained than 
upon exposure of the cells to pRSVL with either liposomes 

10 or Ad-CFTR alone, as presented in Figure 3 and Table 2 
(last two columns) . This synergistic augmentation ranged 
from 4- to 100-fold (depending on the amoxint of liposomes 
added), and demonstrated dose- responsiveness, with 
increasing luciferase activity obtained with, use of 

15 increasing amounts of cationic liposomes. 

The synergistic augmentation of adenoviral -mediated ■ 
cell transfection when plasmid DNA is preincubated with - 
cationic liposomes is observed not only in COS -7 cells, but ' 
is obtained in HeLa and CV-1 cells as well. . For these - 

20 experiments, COS- 7, HeLa, and CV-1 cells evaluated in 
parallel were transfected with 15 /tg of pRSVL in the 
presence or absence of liposomes (50 /tg) and Ad-CFTR (200 
PFU/cell) . Trans feet ions were done in triplicatie for each 
condition. As presented in Table 2, the synergistic 

25 enhancement observed for the three cell types rcuiged from 
10*- to 10^- fold, with HeLa cells demonstrating the greatest 
enhancement, and CV-l cells, the least. 

This Exan?>le confirms that the efficiency of the Ad- 
mediated augmentation of cell transfection with an 

30 unmodified plasmid vector is ccn^jarable with that obtained 
by transfection with liposome-DNA con^jlexes. 
Further, the results confirm that the two phenomena can act 
synergistically to enhance transfer and expression of a 
reporter gene contained within the plasmid. 

35 

EXAMPLE 5: Adenoviral -Mediated Augmentation Qf CelJ, 
Trangf eetion with dRSVL Requires RMS in the Target Cell 
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In this Example, the ability of Ad-CFTR to augment 
cell transfection subsequent to binding of Ad-CFTR to the 
cell surface was investigated. 

COS -7 cells were incubated with different 
5 concentrations of Ad-CFTR at 4°C for 4 h to prevent RME. 
Since this incubation was done under atmospheric 
conditions, cells were incubated in sodium bicarbonate -free 
IMEM containing 20 mM JT' -2-hydroxyethylpiperazine-2tf"' -2- 
ethanesulfonic acid (HEPES, pH 7.5,; Sigma), which medivmi 

10 does not require exogenous COj as a means of controlling pH. 
At the end of the incubation, unbound virus particles were 
washed from the monolayers with Opti-MEBI® I. The culture 
ten^jerature was then raised to 37*'C, and plasmid pRSVL (5 
Hg) was added to the cell culture. After 48 hours, 

15 luciferase activity in the cell lysate was determined as 
described in Exanple 1. The average and standard error of 
the mean were calculated based on triplicate 
determinations . 

The ability of Ad-CFTR boimd to a cell surface 

20 receptor to mediate the increase in the expression of pRSVL 
in COS -7 cells is presented in Figure 4. In the absence of 
Ad-CFTR, cells exposed to plasmid pRSVL aJ.one exhibited low 
levels of luciferase activity (2.5 x 10^ RLU/mg of protein) . 
Increasing the concentration of Ad-CFTR resulted in a 

25 corresponding increase in the es^ression of the plasmid, 
with the highest concentration of Ad-CFTR (15 fig/ml) 
yielding 8 x 10* RLU/mg of protein, which constitutes a 
3 X 10* -fold increase in luciferase activity con?)ared with 
addition of the plasmid alone. 

30 This study confirms that the process of replication- 

deficient adenovirus - mediated enhancement of plasmid DMA 
transfer and subsequent expression in cells requires RME in 
the target cell. When the replication-deficient vector was 
bound to the cell surface and the excess virus particles 

35 were washed away, the vector was still able to transfect 
DNA into the cells. This most likely could take place only 
if the virus particles were tightly bound to the cell 
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surface (presumably to the virus receptor) , and both the 
vector and plasmid DNA were subsequently cointemalized. 


BYAMPLE 6! ariPTiovir al- Mediated Aucrmentatjon of Cell 
5 TVanaf action wi t:h pRS VT. is Effected through Interactjgn 
With the Art^rnviral Reeeotor. and. More Particularly, 
wHhh the Ad Fiber 
In this experiment, the specific role of the 
adenovirus receptor in the cointemalization process was 
10 further clarified by evaluating the ability of Ad5 fiber 
protein to block the Ad- CFTR- dependent increase in pRSVL 
expression. 

Adenovirus proteins were purified by isolating from 
the Ad5 genome through use of the polymerase chain reaction 

15 a cDNA clone of the Ad5 gene encoding the fiber protein. 
The fiber protein cDNA was subcloned .into a pMAL vector 
(New England Biolabs, Beverly, MA), allowing the fiber 
protein to be expressed as a fusion protein and purified by 
affinity chromatography, as specified by the manufacturer. 

20 Additionally, fiber and hexon were purified from Ad-CFTR- 
infected 293 cells as previously described (Boulanger et 
al., Rtir. J. Biochem. . li, 37-42 (1973)), except that DEAE- 
Bio-Gel (Bio-Rad) was used for the ion-exchange 
chromatography step, and the proteins were further purified 

25 through an additional affinity chromatography step using 
antiserum directed against Ad-CFTR bound to an' Af f i-Gel-Hz 
column (Bio-Rad) . The Ad-CFTR antiserum was produced in 
rabbits as previously described for Ad2 (Seth et al., MoLu 
Cell. Biol. . 4, 1528-1533 (1984)). Fiber was eluted from 

30 the column with 4 M sodium thiocyanate (Sigma) . 

COS -7 cells were exposed to Ad-CFTR (10 PFU/cell) smd 
plasmid pRSVL (5 ng) in the presence of increasing 
concentrations of either fiber or hexon for 24 hours, 
following which lucif erase activity was determined. The 

35 value for RLU/mg of cell lysat protein in control cells 
which were not exposed to fiber or hexon was considered to 
represent 100% activity, and the luciferase activity 
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observed in the presence of- fiber or hexon was calculated 
relative to this control value. The average and standard 
error of the mean were calculated based on triplicate 
determinations . 

5 As presented in Pigtire 5, COS- 7 cells exposed to Ad- 

CFTR and pRSVL in the presence of different concentrations 
of fiber purified from Ad-CFTR- infected 293 cells exhibited 
a dose -dependent inhibition of the. ability of Ad-CFTR to 
increase the expression of the plasmid. For example, 

10 addition of 0.1 ng/ral of pure fiber resulted in greater 
thein 90% inhibition of Ad-CFTR -media ted pRSVL expression. 
Similar results were obtained for fiber purified using the 
expression vector pMAL (data not shown) . Additionally, 
fiber was also able to prevent labeled Ad-CFTR from binding 

15 to the cell surface at 4«'C (data not shown) . The 
specificity of the inhibitory effects of fiber was 
confirmed by adding increasing amoxjnts of the adenovirus 
hexon protein. Whereas adenovirus fiber was able to 
conrpete with the transfection- enhancing effects of the 

20 vector, hexon failed to exhibit such inhibitory effects. 

These results indicate that binding of the vector to 
the cell receptor through the fiber protein is critical for 
the vector-mediated internalization process, sind supports 
that the process of adenoviral -mediated enhancement of DNA 

25 transfer to target cells requires RME in the target cell. 

EXflMPLE 7: Adenoviral -Mediated Augmentation of Cell 
Trangfecti on with pRSVL is Dependent on the Adenoviral 
Receptor and Correlates with the Number of Receptors 
30 Present on a Particular Cell Type 

In this experiment, the specific role of the 
adenovirus receptor in the cointemalization process was 
further clarified by correlating differences in Ad-mediated 
augmentation of DNA transfer among different cell types 
35 with the number and kinetic peurameters of Ad receptors 
present on the cell surface. 
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Receptor nvimber and kinetic parameters of Ad-CFTR 
binding were investigated in four different cell lines 
(COS-7, HeLa, U-937, aiid NIH 3T3) in parallel with a 
comparative study of the ability of Ad-CFTR to increase 
5 pRSVL expression in these different target cells. The U- 
937 cell line is a huiian histiocytic lyn^homa cell line 
(ATCC CRL 1593) , and the NIH 3T3 cell line is a Swiss mouse 
embryo cell line (ATCC CRL 1658) . Cell cultures were grown 
as monolayers in IMEM supplemented with 10% CS, 50 units/ml 

10 penicillin, and 50 tig/mL streptomycin (all from Biofluids) . 

To carry out the analysis of Ad-CETR receptor number 
and kinetic parameters, Ad-CFTR was metadaolically labeled 
in 293 cells as previously described (Seth et al., Mojl, 
riPll. Biol. . 1, 1528-1533 (1984); Seth et al., J. Virol., 

15 51, 650-655 (1984) ), with slight modifications . 293 cells 
were seeded in 150 -mm diameter plates at a density of about - 
' 4 X 10^ cells/plate, and the cells were infected 24 hours._- 
later with Ad-CFTR (100 PFU/cell; diluted in IMEM 
containing 2% CS) . Following a 2 hour incubation, the 

20 medium was changed to IMEM supplemented with 10% serum. 
After 10 hours, the medium was changed to methionine- free 
IMEM containing 2% dialyzed CS (Gibco/BRL) , 1% CS, and 
[^^S] methionine (100 juCi/ml; > 1,000 /xCi/ramol; Amersham,_ 
Arlington Heights, IL) , After 12 hours, the infected cells 

25 were harvested and [^^S] Ad-CFTR was purified as described 
previously for Ad-CFTR (Rosenfeld et al., £gli, ££, 143-155 
(1992)) . 

To measure binding of [^^S] Ad-CFTR to various cells, 
cells were seeded in 12 -well plates at a density of 10^ 

30 cells/plate. After incubation for 24 hours, the cells were 
washed with sodium bicarbonate- free IMEM containing 20 mM 
HEPES (pH 7.5), and were incubated with 0.2 ng of [^^S] Ad- 
CFTR (specific activity, 10^ dpm//tg of protein) in the same 
medium at 4°C for 2 hours, the cells were then washed fotir 

35 times with PBS, euad were then sxispended in 0.2 ml of 0.1 N 
NaOH. The radioactivity present in each sample was 
quantified by scintillation counting. 
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Scatchard plot analysis of [^^S]Ad-CFTR binding to 
cells was performed in the presence of different 
concentrations of vmlabeled Ad-CPTR (up to 200 /xg of 
protein) . For each concentration of virus, values of free 
5 and bound Ad-CFTR were calculated, and Scatchard plots were 
used to calculate the receptor number and the affinity 
constants of Ad-CFTR binding to cells (Scatchard, Ann. N.Y. 
Acad. Sci. . 51, 660-672 (1949)). 

As presented in Figure 6, and as previously described 

10 for HeLa cells (Persson et al., J. Virol. . 54 . 92-97 
(1985)), COS-7 and HeLa cells appear to possess both high- 
affinity and low-affinity receptors. Further, as indicated 
in Table 3, for COS-7 and HeLa cells,, the number of low 
affinity receptors was in the range of 8 x lo^ to 9 x 10^ 

15 receptprs/cell, and the nvimber of high affinity receptors 
was in the range of 9 x 10^ to 2.5 x 10^ receptors/cell. 
Consistent with the presence of Ad-CFTR receptors on these 
two cell lines, both demonstrated an Ad-CFTR-mediated 
increase in the expression of pRSVL, with the observed 

20 increase greater than 800 -fold for COS-7 cells, and greater 
them 500 -fold for HeLa cells. In contrast, under the 
coii^jarable conditions, U-937 and NIH 3T3 cells exhibited a 
low number of receptors specific for Ad-CFTR (i.e., less 
than 100 high affinity receptors/cell, and less than 1 x 10^ 

25 low affinity receptors/cell) , and the Ad-CFTR-mediated 
increase in expression of pRSVL was sxibstantially less than 
that observed in COS-7 and HeLa cells (i.e., reaching only 
between 1.6- or 3.1- fold). 
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Table 3. 

Conroarison of the increas in luciferase esqaression modulated by 
the cointemalization of a replication-deficient adenovirus and a 
plasmid containing the luciferase cDNA with the number of receptors 
for the adenovirus on the surface of various cell types. 

Luciferase activity 

Ntanber of Ad-CFTR receptors 

Cell {-fold increase in the 
Line presence of Ad-CFTR) 

High affinity Low affinity 

COS-7 827 

2,787 9,175 

HeLa 550 

1,325 8,376 

NIH 3T3 3:1 

<100 <1,000 

n-937 1.6 

<100 <1,000 


15 These results confirm the strong correlation between 

the nianber of adenovirus receptors on the cell surface and 
the relative efficiency of the adenovirus -mediated 
enhancement of plasmid DNA expression in target cells. The 
results thus further validate a specific role of the 

20 adenovirus receptor in the cointemalization of plasmid 
DNA. Moreover, since many cell lines routinely used for 
transfection studies possess adenovirus receptors, as must 
many cells ia vivo (as evidenced by the ubiquity of 
adenoviral infection), the results confirm the broad 

25 utility of present approach for RME of cointemalized 
plasmid both in vitro and is vivo- 

EXAMPLE 8: Adenoviral -Mediated Augmentation of Cell 
Transfection with p RSVL Requires Disruption of the 
- 30 Endocvtic Veaiele Followincr Cointemaligatjon of the 

Plasmid with the Adenovirus 
To clarify understanding and thus utilization of the 
present invention, the mechanism underlying adenoviral - 
mediated augmentation of cell transfection was further 
35 investigated. In this Example, the in^jortance of Ad-CFTR- 
dependent disruption of endocytic vesicles following 
cointemalization of Ad-CFTR and plasmid pRSVL was 
investigated by evaluating the effect on the Ad-CFTR- 
mediated increeise in plasmid DNA e3q)ression of inhibit ioia 
40 of Ad-CFTR- dependent lysis of endocytic vesicles in the 
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absence of any substantial effect on the uptake of 
adenovirus into the cells. 

Three such conditions were tested for their effects on 
Ad -CPTR- dependent increase in plasmid luciferase expression 
5 and uptake of [^SsjAd-CFTR into cells: (1) heat treatment of 
Ad-CFTR at 450C; (2) treatment of Ad-CFTR with low 
concentrations of Ad-CFTR antisennn; and (3) treatment of 
target cells with chloroquine, an agent known to raise the 
pH of the endocytic vesicles. 
10 For these experiments, Ad-CFTR was metabolically 

labeled as described in Exaii^jle 7. The uptake of [^^S] Ad- 
CFTR into cells was 'evaluated as previously described for 
uptake of [25s]Ad2 (Seth et al., J. Virol. . 650-655 
(1984)). In other words, the cells were exposed to O.l fig 
15 of [^^S] Ad-CFTR (specific activity, 10^ dpm/fig) and 
appropriate amounts of unlabeled Ad-CFTR as described above 
and incubated at 37°C for 1 hour. The cells were then 
washed three times with PBS and treated with 0.5 ml of 
trypsin for 15 minutes at 37''C to remove membrane -bound 
20 virus. The cells were then suspended in 0.2 ml of 0.1 N 
NaOH, and radioactivity was measured in a scintillation 
counter to estimate the amount of virus taken up by cells. 

To evaluate the effect of ten^jerature on the ability 
of Ad-CFTR to mediate cointemalization of plasmid pRSVL, 
25 Ad-CFTR was incubated at different temperatures for 15 
minutes in a buffer containing 10% glycerol and 20 mM Tris 
(pH 7.5) . The virus preparations were then cooled at 4°C 
for 10 minutes, and were then added to COS -7 cells along 
with plasmid pRSVL. Luciferase activity was determined 
30 after 48 hours. . In parallel cultures, [^^Sl Ad-CFTR was 
added to appropriate amounts of unlabeled Ad-CFTR, anH 
uptcike of the labeled vector was determined as described 
above. Luciferase activity and the amount of ^^S- labeled 
Ad-CFTR taken up in the cells vrtien Ad-CFTR was preincubated 
35 at 4°C were considered 100%, the tq<a^ n and standard 

error of the mean were calculated based on triplicate 
determinations . 
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The integrity of Ad-CFTR following heat treatment was 
confirmed by centrifuging the virus preparations incubated 
at different temperatures at 100,000 x g for 30 minutes, 
and then analyzing the coit?)osition of the viral proteins in 
5 the pellets was by sodium dodecyl sulfate (SDS)-gel 
electrophoresis. Disappearance of viral proteins from the 
pellets indicated disruption of Ad-CFTR as a consequence of 
a particular treatment condition. 

As presented in Figure 7, incubation of the virus at 

10 25 did not significantly affect either the Ad-CFTR- 
dependent increase in lucif erase expression or the uptake 
of the virus into cells. Following virus inctibation at 
35 °C, about a 20% loss in the Ad-CFTR -dependent lucif erase 
activity was observed, and less than a 5% loss in the 

15 uptake of virus into the cells . Following inciibation at 
45 °C, greater than a 95% loss in the Ad-CFTR- dependent 
lucif erase activity was observed, and was accon?>anied by a 
15% loss in the uptake of Ad-CFTR into cells. In 
coit^rison, following inciibation of the virus at 55 "C, 

20 greater than a 95% loss in the Ad-CFTR -dependent luciferase 
activity was observed, and the decline in Ad-CFTR uptake 
was about 50%. It is conceivable that following 
pretreatment of virus at SS'C, there is em incoii5)lete 
dissociation of Ad-CFTR uptake and Ad-CFTR-mediated plasmid 

25 transfer. This would suggest that heating virus for a 
longer period of time or in a different buffer (for 
exan5>le, a buffer devoid of glycerol) might con?)letely 
destroy virus uptake as well as the ability of the virus to 
enhance plasmid transfer and expression. In fact, 

30 ten^jeratures of 65 'C or above resulted in abolition of most 
of the Ad-CFTR- induced enhancement of the uptake and 
expression of the plasmid, likely because of loss of virus 
uptedce into target cells. 

The integrity of Ad-CFTR following exposxire to 

35 different teinperatures was investigated to further explain 
the effects of Ad-CFTR heat treatment on the adenoviral - 
mediated increase in plasmid esqaression. While the protein 
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coniposition of Ad-CFTR was apparently not altered by heat 
treatment at 25, 37 and 45 "C, following treatment at 55 and 
65 "C, about 60 to 70% of the viral proteins disappeared 
from Ad-CFTR (data not shown) . These results suggest that 
5 Ad-CFTR remained corrqpletely intact after heating at up to 
45 "C while higher temperatures restated in disruption of 
viral integrity. 

The effect of Ad-CFTR antiserum on Ad-CFTR- dependent 
pRSVL expression was investigated by mixing Ad-CFTR with 
10 various concentrations of Ad-CFTR antiserum at room 
ten5)erature for 15 minutes, and ea^osing to COS -7 cells in 
the presence of plasmid pRSVL. Following a 48 hour 
incubation, lucif erase activities were determined. In 
parallel experiments, [^^S] Ad-CFTR mixed with unlabeled Ad- 
15 CFTR was incubated with Ad-CFTR antiserum for 15 minutes at 
room tenperature and exposed to COS -7 cells for 1 hour at 
37«C. After trypsinization of cells for 15 minutes to 
remove surface-bound labeled virus, the amount of [^^S] Ad- 
CFTR internalized into the cells was determined by co^lnting 
20 the cell -associated radioactivity. The lucif erase 

activities and amounts of [^^gjj^.cpTR internalized by cells 
was graphed relative to values obtained for Ad-CFTR or 
[^^S] Ad-CFTR not exposed to the antiserum. 

As presented in Figure 8, when Ad-CFTR was incubated 
25 with increasing concentrations of Ad-CFTR antiserum, a 
corresponding decline in the Ad- CFTR- dependent increase in 
luciferase eacpression was observed. Following incubation 
with an antiserum dilution of 1:10^, the adenovirus -mediated 
increase in luciferase activity was inhibited by 75%, while 
30 the uptake of Ad-CFTR into cells was not affected. 
Following incubation with an antiserum dilution of 1:10^, 
the adenovirus -mediated increase in luciferase expression 
was inhi bited by more than 90%, while the uptake of [^^SI Ad- 
CFTR into the cells was inhibited by only about 25%. 
35 Furthermore, following incubation with an antiserum 
dilution of 1:10*, inconplete dissociation of Ad-CFTR uptake 
and Ad-CFTR-mediated plasmid transfer was still observed. 
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with the obtained lucif erase activity and uptake values 
approximating those obtained for treatment of Ad-CFTR with 
an antiserum dilution of 1:10^. However, following 
treatment of Ad-CFTR with antiserum dilutions of .1:10^ (or 
5 lesser dilutions; data not shown) , greater than a 90% loss 
of both the Ad-CFTR -dependent increase in luciferase 
activity and the ability of the vector to enter the cells 
was observed. 

In view of the fact that the agent chloroquine 
prevents adenovirus from disrupting endosomes (Seth et al. , 
J. Virol. . Si, 650-655 (1984)), the ability of chloroquine 
(Sigma) to prevent the Ad-CFTR-mediated increase in the 
expression of the luciferase plasmid was evaluated. In 
this set of experiments, COS -7 cells were exposed to Ad- 
CFTR in the presence of plasmid pRSVL and concentrations of 
chloroquine ranging from 0 to 200 /iM. After 24 hours the. 
medium was changed, the cells were incubated for another 24. 
hours, and luciferase activities were determined. In.; 
parallel cultures, COS- 7 cells were exposed to [^^S] Ad-CFTR 
in the presence of vaxious concentrations of chloroquine 
for 1 hour, and the amount of [^^S] Ad-CFTR taken up into the 
cells was determined. Luciferase activity and the amotmt 
of ^^S- labeled Ad-CFTR taken up in the cells which did not 
receive chloroquine were considered 100%. Control cells 
received chloroquine and pRSVL alone, and the luciferase 
activity obtained in these cells was subtracted from the 
activity of cells that received pRSVL eaong with Ad-CFTR 
and chloroquine. 

As presented in Fignre 9, treatment of cells with 
increasing concentrations of chloroquine effected a 
corresponding loss in Ad-CFTR- dependent luciferase 
esqjression. In contrast, treatment of control cells with 
chloroquine resulted in a slight increase (i.e., about 
1.5- fold) in the eaqsression of pRSVL (data not shown) . The 
chloroquine inhibitory effect was concentration dependent, 
and 50% inhibition was observed with a chloroquine 
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concentration of less than 50 /xM. Under these conditions, 
uptake of [^^SlAd-CPTR into cells was not inhibited. 

These results confirm a requirement for adenoviral - 
dependent lysis of the endocytic vesicle for observation of 
5 adenovirus -mediated cointemalization of plasmid. Three 
conditions known to block the release of adenovirus from 
the endocytic vesicle also inhibited the adenoviral - 
mediated increase in plasmid DNA. ejqjression in target 
cells, i.e.: (1) heat treatment of Ad-CFTR at 45"'C; (2) 

Id treatment of Ad-CFTR with low concentrations of Ad-CFTR 
antiserum; and (3) treatment of target cells with 
chloroquine, an agent known to raise the pH of the 
endocytic vesicles. None of these conditions substantially 
prevented the entry of the adenovirus vector into the 

15 cells. Further, Ad-CFTR appeared to be conpletely intact 
following heat treatment at 45 "C. These results validate 
that vector- dependent lysis of endocytic vesicles is 
necessary for the release of plasmid DNA from the endocytic 
vesicles, and that the low-pH environment of endocytic 

20 vesicles is critical for this process. " Moreover, the 
ability to dissociate the binding and endosomal lysis 
properties of adenovirus suggests that the present 
invention could be further manipulated to construct 
recombinant adenoviral vectors which combine the cell or 

25 tissue specificities of different viruses with the 
endosomal lysis and nuclear transport capabilities of 
adenovirus . 

SXAMPLB 9; Adenoviral -Mediated Augment ation of Cell 
30 Transfection with pRSVL is not Depende nt on the 

Adenoviral genome 
In this Example, the necessity of the adenoviral 
genome for observation of the Ad-CFTR-mediated increase in 
transfer and expression of plasmid pRSVL in host cells was 
35 evaluated. 

To assess the effect of inactivatipn of the viral 
genome by UV radiation on the Ad-CFTR- dependent increase in 
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expression of the lucif erase plasmid, Ad-CFTR was 
irradiated at a distance of 6 on for various lengths of 
time using a short -wavelength UV lan^) (Model UV G-54; UVP, 
Inc., San Gabriel, CA) . The irradiated preparation was 
5 then evaluated for the ability of the viral genome to usurp 
host cell functions by examining the production of viral 
proteins. This was done by plating 293 cells in 35 -mm 
diameter plates at a density of 0.2 x 10^ cells/plate. 
Following a 24 hour incubation, the culture medium was 

10 changed to IMEM supplemented with 2% PCS, and cells were 
infected for 2 hours at 37°C with Ad-CFTR, or with Ad-CFTR 
which had been irradiated for various lengths of time . 
Newly synthesized proteins were labeled with [^^s] methionine 
(10 /iCi/ml; specific activity, > 1,000 /xCi/mmol; Amersham) 

15 for 12 hours in methionine -free IMEM supplemented with 2% 
dialyzed FCS and 1% non-dialyzed PCS, Following 
incubation, the cells were washed twice with IMEM and twice 
with PBS, and were then centrifuged at 15,000 x gr for 5 
minutes. The cell lysates were prepared by three cycles of 

20 freezing and thawing cuid analyzed on SDS-acrylamide gels as 
described above. The gels were dried emd evaliiated by 
autoradiography to visualize the ^^S- labeled proteins. The 
presence of a 108 kilodaltcn (kDa) protein corresponding to 
newly synthesized Ad5 hexon protein evidenced the 

25 fiinctionality of Ad-CFTR. Since preli min ary studies 
confirmed that 120 seconds of UV ea^osure rendered Ad-CFTR 
incapable of directing synthesis of hexon protein in 293 
cells, a range of UV doses corresponding to UV irradiation 
for 0 to 300 seconds were en?)loyed in these studies. 

3G In parallel esqperiments , UV- irradiated Ad-CFTR was 

exposed to COS -7 cells in the presence of plasmid pRSVL, 
and lucif erase activity was determined following a 48 hour 
incubation. 

As presented in Fignre 10 A, UV exposure of Ad-CFTR 
35 for 10 seconds in?>eded viral production of hexon protein by 
50 to 60%. UV exposure for greater than 30 seconds 
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resulted in con^jlete loss of the ability of Ad-CFTR to 
produce viral proteins. 

In contrast, UV exposure for up to 120 seconds 
resulted in only a slight inhibitory effect (i.e., less 
5 than a 20% reduction) on the ability of the virus to 
enhance transfer and expression of plasmid in COS- 7 cells, 
as presented in Figure 10 B. However, UV- irradiation of 
Ad-CFTR for longer periods of up to 5 minutes resulted in 
the loss of the Ad-CFTR -mediated increase in luciferase 

10 activity, which was likely due to damage to the capsid 
proteins, and the subsequent inability of the capsid to 
bind target cells and xindergo RME. UV- irradiation of Ad- 
CFTR for up to 60 seconds resulted in the increased 
expression of another protiein of 56 kDa. However, with 

15 longer UV exposures, the e3q>ression of this protein was 
diminished. Since the 56 kDa protein is not fo;ind in 
assembled Ad-CFTR virions (data not shown) , it is probcdaly 
a virus -induced host protein. 

These results confirm that the adenovirus vector- 

20 dependent enhanced expression of plasmid DNA does not 
require the fxinctional viral gencane, which is to be 
expected with respect to an RMB-mediated process. Thus, 
even when the adenoviral genome has been destroyed by UV 
irradiation, the eibility of the adenoviral vector to 

25 enhance DNA delivery remains intact. 

EXAMPLE 10: Adenoviral -Mediated Augme ntation of Cell 
Transf ection with pRSVL is Dependent on the Adenoviral 
Capsid 

30 In this Exem?>le, the necessity of th.e adenoviral 

capsid for observation of the Ad- CFTR-mediated increase in 
transfer and e^cpression of plasmid pRSVL in host cells was 
evaluated. 

To investigate whether adenovirus peurticles devoid of 
35 any genome were able to enhance the delivery of plasmid ONA 
into cells, the effects of en^jty Ad-CFTR capsids were 
evalxiated. Empty capsids of Ad-CFTR were extracted from 
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the uppermost band (i.e., the lower- density band) present 
in the first CsCl (Boehringer-Mannheim, Indianapolis, IN) 
gradient en^jloyed in purification of Ad-CFTR (Rosenfeld et 
al.. Cell . SB, 143-155 (1992)). This material was 
subjected to a second CsCl gradient, dialyzed against 50% 
glycerol containing 10 mM Tris (pH 7.4) and 1 niM MgClj, and 
kept frozen at -70'»C. 

To ensure that en?)ty capsids were devoid of Ad-CFTR 
DNA, the properties of the evcpty capsids were compared with 
those of intact Ad-CFTR. The density of ' the empty capsids 
was determined by collecting the band from the second 
gradient and weighing 1 ml of this solution. The density 
of the empty capsids was found to be 1.23, as compared with 
a density of at least 1.34 for Ad-CFTR. The presence of 
proteins and DNA in the entpty capsids as conpared with in 
intact Ad-CFTR was determined by: (1) monitoring the 
absorbance at optical densities of 260 and 280 nm (i.e., 
OD260 and OD280) determining protein concentration by 

the method of Bradford; (2) treating 100 /ig of intact Ad- 
CFTR or empty capsids with SDS (final concentration, 1%) 
and proteinase K (final concentration, 50 /ig/ml) for 18 
hours, electrophoresing the sample on an agarose gel in the 
presence of ethidium bromide (i.e., to allow visualization 
of any DNA bands present), siibjecting the sample to 
irradiation, depurination, denaturation and then 
neutralization prior to transfer, transferring the san^jle 
from the gel to a nylon membrane (Nytran; Schleicher & 
Schuell, Keen, N.H.), hybridizing the membrane with a ^^P- 
labeled probe derived from the whole Ad-CFTR genome, and 
analyzing autoradiograms , as previously described 
(Rosenfeld et al.. Cell . S3.. 143-155 (1992) ) ; and (3) 
electrophoresing the samples on a SDS -gel, staining, 
destaining and photographing the gel, and con?)aring protein 
patterns for empty capsids to those obtained for Ad-CFTR. 

The OD260/28O rbance ratios were 1.25 for Ad-CFTR, 
and 1.02 for empty capsids, as measured in aliquots with 
identicca amotints of protein. While the concentration of 
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DNA present in Ad-CFTR was 833 /xg/ml, DNA was not 
detectable in empty capsids either by ethidium bromide 
staining of samples electrophoresed on agarose gels, or by 
Southern hybridization with a ^^P- labeled Ad-CFTR DNA probe 
5 of electrophoresed samples transferred to a nylon membrane. 
These results indicate that the empty capsids were devoid 
of any siibstantial amount of DNA. However, analysis of the 
empty capsids by SDS-gel electrophoresis indicated that 
they appeared to contain fiber and the other viral proteins 

10 in stoichiometric amounts similar to those present in 
intact Ad-CFTR (data not shown) . 

To examine the capacity of en^Jty adenoviral capsids to 
mediate the increased e3q)ression of pRSVL, COS -7 cells were 
exposed to different concentrations of empty capsids of Ad- 

15 CFTR in the presence of 5 /ig of plasmid pRSVL for 2 hours 
in Opti-MEBf* I medium. The medium was then changed to a 
serum- containing medixim, and 48 hours later, lucif erase 
activities were determined. 

As presented in Figure 11, empty capsids increased the 

20 expression of plasmid pRSVL in COS -7 cells in accordance 
with the amount of empty capsids added. The effectiveness 
of the empty capsids, however, appeared to be about 5 to 10 
times less effective than Ad-CFTR in commanding RME of 
pRSVL. 

25 These results validate that empty capsids are capable 

of mediating plasmid DNA delivery to host cells. In this 
respect, en?)ty adenoviral capsids are less effective than 
intact adenoviral capsids. Since enpty capsids possess the 
same stoichiometric amounts of fiber as does Ad-CFTR, it is 

30 unlikely that en5>ty capsids bind to the cell receptor at 
lower efficiency. Possible esqolanations of the lesser 
effectiveness of Ad-CFTR which remain to be investigated 
include that the enpty capsids may not be internalized into 
target cells with the same efficiency as Ad-CFTR, or are 

35 less efficient in disrupting endosomes. 
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EXAMPLE n • rnmnari snn of the Effect on Adenoviral - 
MPdiated Au T T^nt-ation of Cell Transfection with Plagmid 
DNA of Preinr-nhation with Different Tvpes of Cationiq 
Agents 

5 In this Exaiaple, the possibility of increasing the 

adenoviral -mediated augmentation of cell transfection was 
investigated by exploring the effect of preincubation of 
the plasmid with different types of cationic agents capable 
of binding larger quantities of plasmid DNA. 
10 In this respect, the efficacy of the Lipofectin® 

Reagent employed in Example 4 was compared with the 
efficacy of liposomes comprised of l,2-bis(oleoyloxy)-3- 
(trimethylammonio)propane (DOTAP; Boehringer -Mannheim) , a 
1.5:1 molar ratio of the polycationic lipid 2, S-dioleyloxy- 
lB N- [2 (sperminecarboxamido) ethyl] -N, N-dimethyl- 1- 
propanaminium trif luoroacetate (DOSPA) and the neutral 
lipid dioleoylphosphatidyl ethanolamine (DOPE) 
(LipofectAMINE™, Life Technologies Inc., Gaithersberg, MD) 
as well as the efficacy of cationic agents such as the 
20 polycarbene, polybrene (or i, 5-dimethyl-l, 5- 
diazaTindecamethylene polymethobromide ; Sigma) . Notably, 
LipofectAMHre™ as well as Traiisf ectam* Reagent (or 
dioctadecylamidoglycylspermine, or DOGS; Promega Corp., 
Madison, WI) were investigated as these liposomes contain 
25 additional head groups of the polyamine, spermine, which 
binds the inner groove of DNA. These reagents are 
considered polycationic liposomes as cou^jared with the 
monocationic liposomes, Lipofectin* Reagent and DOTAP. All 
purchased liposomal reagents were used according to the 
30 instructions of the manufacturer. 

Viruses and plasmids en^jloyed in this Example aure as 
described in Exaiqple 1. However, the additional plasmid 
pCMVjSgal was also eo^loyed (MacGregor et al . , Nucl.ej,c AcAd 
Res. . 12, 2365 (1989) ) . This vector contains the 
35 cytomegalovirus promotor driving expression of 0- 
gcLLactosidase eis a reporter gene. 
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To study the expression of pCMVjSgal plasmid in the 
presence of Ad-CFTR and the cationic agents, the 
experiments were done essentially as described in Example 
1. Namely, 0.5 x 10^ cells were seeded in 60-mm diameter 
5 plates. Twenty- four hours later, cells were washed with 
OPTI-MEM® I and incubated in the same medium for 2 hours. 
pCMV/Sgal (5 • /ig/plate) was preincxibated with either 
Lipofectin® Reagent (20 /xg) , DOTAP (20 /zg) , polybrene (2 
^g) , Transfectam® Reagent (20 fig) or Lipof ectAMlHE'™ (20 

10 fig) , or in the absence of any cationic agents, for 30 
minutes at room temperature, and the resultant solution was 
then added to the cell cultures. For some of the cultures, 
Ad-CFTR was also added (10 PFU/cell) along with the DNA 
solution. After 2 hours of incxibation, the medium was 

15 changed to IMEM containing 10% FCS, and the cultures were 
incubated for an additional 20 hours. The cells were then 
scraped, washed twice with PBS, cuid evaluated for j3- 
galactosidase activity. 

jS-galactosidase activity was detected in cell lysates 

20 essentially by a previously described protocol with some 
modifications. Pelleted cells were suspended in a buffer 
containing 30 mM sodium phosphate, pH 7.5, and were then 
lysed by three cycles of freezing and thawing. The san^jles 
were centrifuged at 15,000 x gr for 5 minutes, and were 

25 directly assayed for jS-galactosidase activity. Portions of 
the cell lysates were incxibated in separate wells of a 96- 
well plate (Becton Dickinson, Lincoln Peurk, NJ) with 10.62 
;tM o-nitrophenyl /S-D-galactopyranoside (ONPG; Sigma) in a 
f in al volume of 20 ftl per well. Five- fold serial dilutions 

30 of up to 15625 -fold were prepared for the enzyme assays, 
prior to addition of ONPG. After appropriate incubation of 
the reaction mixtxires at 37*» C, the absorbance was measured 
at 405 nm using an ELISA reader (Biorad, Richmond, CA) . An 
absorbeuice reading of 1.0 was considered ecpiivalent to 1.0 

35 unit of /8-gaJ.actosidase activity, ^-galactosidase activity 
was expressed as units /mg protein present in the cell 
lysate . 
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As presented in Figure 12, in COS -7 cells exposed to 
pCMVjSgal alone, the enzyme activity was about . 0 .11 unit/mg 
protein. The activities obtained for COS -7 cells exposed 
to pCMV/3gal plus either Ad-CFTR, Lipofectin® Reagent, 
5 DOTAP, polybrene, Transfectam® Reagent and Lipof ectAMINE™ 
were, not substantially higher, and corresponded to l.i, 
1.1, 0.8, 0.75, 2.0, and 2 .6 \inits/mg protein, respectively 
(i.e., Figure 12, solid bars) . These results corresponded 
to a 7- to 25-fold increase over the enzyme activity 

10 obtained when any of these reagents was employed in the 
absence of pCMV/Sgal. 

To test for possible synergism between Ad-CFTR and the 
various cationic agents in augmentation of the expression 
of pCMV/3gal, in a set of parallel experiments, COS -7 cells 

15 were exposed to pCMV/Sgal preincubated with the cationic 
, agents . in conjunction with exposure to Ad-CFTR. As 
presented in Figure 12 (i.e., the hatched bars), in the 
presence of Ad-CFTR and either Lipofectin® Reagent, DOTAP, 
polybrene, Transfectam* Reagent, or Lipof ectAMIOTS'™, the 

20 enzyme activity obtained corresponded to 24, .16, 377, 419 
and. 742 units /mg protein, respectively. These results 
confirm a much higher increase in plasmid expression (i.e., 
a 145- to 6 745 -fold increase over the enzyme activity 
obtained when any of these reagents was eir5)loyed in the 

25 absence of pCMV/Sgal) when Ad-CFTR infection was used along 
with incubation with cationic agents emd pCMVjSgal, as 
compared to incubation with pCMV/8gal alone. Furthermore, 
the various reagents appear capable of augmenting Ad-CFTR- 
dependent expression of pCMV/Sgal in the following order of 

30 increasing effectiveness: mbnocat ionic liposomes (i.e., 
DOTAP, Lipofectin® Reagent), polycarbenes (i.e., 
polybrene) , and polycat ionic liposomes (Transfectam® 
Reagent and Lipof ectAMHIE™) . 

To confirm this order of effectiveness, COS- 7 cells 

35 were incubated with pCMVjSgal (15 /xg) and Ad-CFTR (100 
PFU/cell) alone, or in combination with either Lipofectin 
Reagent (20 ^tg) , polybrene (2 fig) or Transfectam Reagent 
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(20 /ig) , as described above. Following transf action, the 
amotint of iS-galactosidase activity per cell was quantified 
by staining the cells with 5-bronio-4-chloro-3-indolyl-j8-D- 
galactopyranoside (X-gal; Boehringer- Mannheim) . This was 
5 done by fixing cells for 5 minutes at S'C in a PBS solution 
containing 2% formaldehyde and 0.2% glutaraldehyde . Cells 
were then stained for 4 hours at 37»C in a solution 
containing 5 mM K^FeCCNjg, 5 mM K3Pe{CN)g, 2 mM MgCla, and 
200 /tg/ml X-gal. Observation of blue coloration of cells 
10 under a phase contrast microscope -confirmed the presence of 
^-galactosidase within the cell. Either a random sampling 
of cells were counted (i.e., 100 cells in each of three 
different fields) , or cells were photographed. 

As presented in Figure 13 A, exposure of cells to both 
15 pCMV/3gal and Ad-CFTR resulted in blue coloration of about 
5 percent of the cells. Addition of Lipofectin® Reagent 
further increased the number of blue -appearing cells to 
about 10-20 percent, as indicated in Figure 13 B. 
Moreover, inclusion of polybrene {i.e.. Figure 13 C) or 
20 Transfectam® Reagent (i.e.. Figure 13 D)' instead of 
Lipofectin® Reagent resulted in blue coloration of the 
majority of the cells. 

These resiilts are quantified in Table 4, column 1, and 
confirm that the various cationic agents tested are capable 
25 of augmenting Ad-CFTR -dependent expression of pCMV/Sgal in 
COS -7 cells in the following order of increasing 
effectiveness: monocationic liposomes, polycarbenes , and 
polycationic liposomes. 
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EXAMPLE 12: Confirmation of the Effectiveness of 
Different Cationic Agents in Enhancing Adenoviral - 
Mediated Augmentation of Cell T ransfection with Plasmid 
DNA in Different Cell Lines 
5 In this Example, the ability of the various cationic 

agents to increase adenoviral -dependent plasmid transfer in 
different cell lines was examined and compaxed. 

Additional cell cultures employed in this Example 
include RD, a himaan embryonal rhabdcnrjrosarcoma cell line 
10. (ATCC CCL 136) , A204, a human rhabdomyosarcoma cell line 
(ATCC HTB 82) , and CjC^a. a mouse muscle myoblast cell line 
(ATCC CRL 1773) . These cultures were grown as monolayers 
in IMEM supplemented with 10% PCS, 50 units/ml penicillin 
and 50 fig/val streptomycin (all from Biofluids) . 
15 Furthermore, IB3-1 (obtained from G. Cutting, John Hopkins 
University, Baltimore, MD) was also en^jloyed. This cystic 
fibrosis respiratory epithelial cell line was originally 
derived from the bronchial epithelium of an individual with 
CF (i.e., a conpound heterozygote with the conmon AFSOS CP 
20 mutation and the W1282X mutation), and was cultured on 
collagen- (Vitrogen; Collagen Corporation, Palo Alto, CA) 
and fibronectin- (CalBiochem, San Diego, CA) coated plates 
in LHC-8 serum- free medium (Biofluids) supplemented with 15 
/xg/ml endothelial cell growth supplement (Becton Dickinson, 
25 Oxnard, CA) , 50 units/ml penicillin and 50 /*g/ml 
streptomycin (all from Biofluids) . For transf actions, IB3- 
1 cells were routinely cfrown on fibronectin- (Pronactin, 
Biosource International, Scua Diego, CA) coated coverglass 
chambers (Nunc, Inc., Roskilde, Denmark). 
30 For these experiments, COS -7 cells, IB3-1 cells, RD 

cells, A204 cells, and CjC^j cells were exposed to pCM7/3gal 
(5 ng) in the presence of either Lipofectin* Reagent (20 
fig), polybrene (2 us), Transfectam* Reagent (20 iig) or 
Lipofect AMUne ™ (20 fig) both in the absence and presence of 
35 Ad-CFTR (10 PFU/cell) , and following jS-galactosidase 
staining, the number of cells appearing blue was scored by 
counting 100 cells in 3 separate fields. The e3q>eriments 
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were performed in triplicate, and the average and standard 
error of the mean were determined. 

As presented in Table 4, in each of the cell lines 
tested, less than 2% of the cells stained positive for ^- 
5 galactosidase following exposure to pCMV/Sgal alone, and 
less than 30% of cells showed detectable blue color when 
any one of the cationic agents was added individually along 
with pCMVjSgal. However, when Lipofectin® Reagent treatment 
was accon^janied by Ad-CFTR infection, the percentage of 

10 blue cells obtained varied from 2.25 (i.e., observed for RD 
cells) to 20 (i.e., observed for COS-7 cells). When Ad- 
CFTR infection accdn5>anied preincubation of pCMVjSgal with 
either polybrene, Transfectam® Reagent or Lipof ectAMlNE™, 
the percentage of blue cells obtained varied from 94-99% 

15 observed for COS-7 cells, 80-90% observed for IB3-1 cells 
and 70-90% observed for muscle cells (i.e., RD, A204 and 
C2C12 cells). For each cell line, the combination of Ad- 
CFTR infection and plasmid preincubation with 
LipofectAMUJB™ was found to result in the highest level of 

20 /3- galactosidase staining. ttoreover, the results also 
confirm that Ad-CFTR infection used in combination with 
polybrene or preincubation with a polycationic liposome 
resulted in significantly better transf ection than when Ad- 
CFTR infection was en?)loyed in combination with 

25 preincubation with a monocationic liposome, such as 
Lipofectin* Reagent. 

Accordingly, the results validate that the present 
transf ection protocol in which adenovirus infection is used 
in conjxinction with DNA preincubation with liposomes can be 

30 en?)loyed for a variety of cell types. Although 
monocationic liposomes such as Lipofectin® Reagent were 
able to augment Ad-CFTR-mediated transfection, polycationic 
liposomes were about 3-40 times better than monocationic 
liposomes in this respect. Moreover, certain polycationic 

35 liposcanes used in conjunction with adenoviral infection 
were able to effect transfection in about 90 percent of the 
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cells examined, thus attesting to the efficiency of this 
method of nucleic acid transfer. 

EXAMPLE 13; Effect of Polvcatin nic Liposome Composition 
5 on the Ad-CFTR-Mediated Increase in th e Expression of the 
pCMVgaal Plasmid 
In this Exan5)le, the possibility of increasing the 
adenoviral -mediated transf ection-enhancing ability of the 
polycationic liposome LipofectAMmE™ by altering the lipid 
10 con^josition the liposomes was esqjlored. Namely, since 
LipofectAMUJE™ is comprised of a l.Srl DOSPAzDOPE' molar 
ratio, the effect of varying the ratio of DOSPA to DOPE on 
the Ad-CFTR-mediated increase in the estpression of pCMVjSgal 
in transf ected cells was investigated. 
15 For these experiments, polycationic LipofectAMIHE'™- 

related liposomes comprised of DOSPA: DOPE molar ratios of 
1.5:1, 1:1, 0.5:1, 0.25:1, 0.1:1 were constructed. 
Liposomes containing the various molar ratios of DOSPA to 
DOPE were formulated by drying lipids xinder argon and then 
20 placing the samples under vacuum for 5 hours. The lipids 
were resuspended in distilled water, and were sonicated 
under argon using a horn bath sonicator for 30 minutes at 
120C. Transfections with pCMV/Jgal (5 /tg) using the newly 
synthesized polycationic liposomes either alone or with Ad- 
25 CFTR (10 PFU/cell) were conducted in IB3-1 cells. 
Resultant /3-galactosidase activities were determined, and 
the average and sta n dard error of the mean were calculated 
based on triplicate determinations. 

As demonstrated in Figure 14, in the absence of Ad-CPTR 
30 (solid bars) , a mayimiTm /S-galactosidase activity 
corresponding to about 109 units/mg protein was obtained 
using polycationic liposomes con?)rised of a DOSPA:DOPE 
molar ratio of 1.5:1 (i.e., using Lipof ectAMlHE™) . The $- 
galactosidase activity decreased in accordance with the 
35 decrease in the DOSPA: DOPE molar ratio, down to a level of 
3.2 xinits/mg protein in the presence of liposomes con?)rised 
of a DOSPA: DOPE molar ratio of 0.1:1. 
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In comparison, pCMV)Sgal transfection in the presence 
of both Ad-CFTR and the polycat ionic liposomes (hatched, 
bars) yielded the highest /3-activity of 4689 units/mg 
protein obtained for liposomes comprised of a DOSPAiDOPE 
5 molar ratio of 1:1. This enzyme activity was at least two 
times higher than the activity obtained using liposomes 
comprised of DOSPA:DOPE molar ratios of either 1.5:1 or 
0.5:1, which only yielded enzyme activities of 2027 and 
2146 units/mg protein, respectively. Further, the maximal 

10 activity was 50-100 times higher than the enzyme activity 
obtained using Ad-CFTR in the presence of polycationic 
liposomes comprised of DOSPA:DOPE molar ratios of 0.25:1 or 
0.1:0, which only yielded enzyme activities of 29 and 54 
units/mg protein, respectively. 

15 These results confirm that although the trcinsfection 

efficiency of Lipof ectAMINE^ in the absence of Ad-CFTR is 
higher than the other polycationic liposomes tested, in the 
presence of Ad-CFTR, liposomes campvxaed of a DOSPA:DOPE, 
molar ratio of 1:1 are superior to Lipof ectAMmE™ in 

20 augmenting adenoviral -mediated transfection. 


EXAMPLE 14^ ■Effect o f Other Monocationic Liposomes QV, the 
Ad-CFTR-Med i ated Increase in the Expreg^j-on of t;}ag 

25 In this Exan?)le, the cibility of various monocationic 

liposomes other than Lipofectin*' Reagent to effect an 
increase in adenoviral -mediated transfection was explored. 

The monocationic liposomes 143-8, 143-7, 75-7, 143-4 
and LipofectACB™ (Gibco/BRL) were synthesized essentially 

30 as in Exaii?)le 13 using, respectively, a 1:1 molar ratio of 
1,2- dioleyl - 3 - dimethylamino propyl - B- hydroxy- ethylammonium 
acetate (i.e., DORI BTHBR) and DOPE, a 2:1 molcir ratio of 
DORI ETHER and DOPE, a 1:1 molar ratio of N-[2-[(3- 
aminopropyl) amino] ethyl] -N,N-dimethyl-2, 3- 

35 bis(octdecenyloty) -l-propsuoinium dibromide (i.e., DORI 
kM ' HMij Propylamine) and DOPE, a 1:1 molar ratio of N- (2 
bromoethyl) -N,N-dimethyl-2 , 3 -bis (9 -octadecenyloty) -1- 
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propananinium bromide (i.e., DORI ETHER Bromo) and DOPE, 
and 1:2.5 (w/w) ratio of dimethyl dioctadecylammonium 
bromide (DDAB) . 

IB3-1 cells were exposed to pCMVjSgal (5 /xg) and either 
. 5 the polycationic " liposome Lipof ectAMINE™, or the various 
synthesized monocationic liposomes in the absence and 
presence of infection with Ad-CFTR (10 PFU/cell) , and 
^-galactosidase activities were subsequently determined. 
As presented in Figure 15, of clII the liposomes, 

10 Lipof ectAMIKE™ effected the highest /3-galactosidase levels 
in host cells used either in the absence (solid bars) or in 
the presence (hatched bars) of infection with Ad-CFTR. 
Only the monocationic liposomes 143-7 and 143-4 were able 
to effect even a slight increase in /S-galactosidase 

15 activity when incorporated into the transfection protocol. 

These results confirm the superiority of polycationic 
liposomes as con?)ared with monocationic liposomes in 
augmenting adenoviral -mediated cell transfection. 

20 EXAMPLE 16: Effect of Liposome Vesicle Si ze on the Ad- 

CFTR-M^iated Increase in the Expression o f the nCMVflgal 
Plasmid 

In this Example, the possibility of increasing the 
ability of the polycationic liposome Lipof ectAMINE™ to 

25 enh ance adenoviral -mediated transfection by altering the 
vesicle size was ejq)lored. 

Liposomes were prepared as in Example 13 , and vesicles 
of different size were formed by resuspending lipids in 
distilled water,- then passing the suspension through a 

30 polycarbonate filter with various pore sizes by means of a 
Liposofast apparatus (Avestin Inc., Ottawa, ON). 

LipofectAMlHE™-type liposomes of vesicle sizes ranging 
from 100-400 nm were constructed and tested for their 
ability to enhance pCMV/Sgal expression in IB3-1 cells. 

35 Cells were exposed to pCMVjSgal (5 fig) and the various 
polycationic liposomes in the aUDsence or presence of Ad- 
CFTR (10 PFU/cell) , and j8-gcaactosidase activities were 
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determined. As presented in Figure 16, there was no 
substantial difference between the transfection efficiency 
of the different liposomes which corresponded to their 
differing sizes when employed either in the absence (solid 
5 bars) or in the presence (hatched bars) of infection with 
Ad-CFTR.- 

EXAMPLE 17; Liposome and Ad- CFTR-mediated Increase in the 
Expression of a Pla amid Containing the CFTR cDKA 

10 In this Example, the possibility of using the 

adenoviral -mediated transfection protocol described herein 
to evaluate expression of the pCMVCFTR plasmid which codes 
for the CFTR protein was evaluated. 

The plasmid vector pCMVCFTR (Yoshimura et al . , Nucleic 

15 Acids Res . . 20. 3233-40 (1992)) contains a full length 
human CFTR cDNA tinder the control of the cytomegalovirus 
promotor. Additionally employed in this Example was the 
vector Ad.RSVjSgal. The AdS-based vector Ad.RSV|8gal 
contains the Rous sarcoma virus long terminal repeat as a 

20 promotor driving the e3q)ression of a jS-galactosidase 
reporter gene, and also contains the SV40 nuclear 
localization signal to facilitate the detection of protein 
expression (Mastrangeli et al., J. Clin. Invest. . 2i» 225- 
34 (1993) ) . 

25 For these studies, polycationic liposomes caasprlaed of 

a DOSPA:DOPE molar ratio of 1:1 were en^loyed- IB3-1 cells 
were e3q>osed to pCMVCFTR plasmid alone or in the absence 
and/or presence of Ad.RSV/Sgal or liposomes for 20 hours 
using the transfection protocol described in Exanqple 4. 

30 The presence and functionality of the CFTR protein were 
investigated by monitoring cAMP- dependent CI* ion efflux 
from IB3-1 cells. Ion efflxix was monitored by incubating 
IB3-1 cells in cell culture mediian containing 10 mM of the 
d* -sensitive fluorescent dye SPQ (6-methoxy-N- (3- 

35 sulfopropyl) quinolinium (Moleculcu: Probes, Inc., Eugene, 
OR) for another 18 hoiirs. Unincorporated dye was then 
washed from the cells, and the cultures were incubated for 
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10 minutes in a buffer (pH 7.4) containing 135 mM Nal, 2.4 
mM K2HPO4, 0.6mM KH2PO4, 1 mM MgSO^, 1 mM c:aS04, ^ 
HEPES, and 10 mM glucose. The SPQ was excited at 350 nm, 
cind fluorescent images were acquired for 3 minutes at 1 
5 minute intervals. The buffer solution bathing the cells 
was then exchanged for buffer in which Nal was replaced 
with NeJIOj, and the fluorescence measurements were acquired 
for an additional 7 minutes . The changes accon^anying an 
increase in CI" permeability due to cAMP stimulation of the 

10 CFTR protein were measured by replacing the NaN03 buffer 
solution with a buffer solution containing 20 /M forskolin 
(Sigma), 200 ftM. cpt-cAMP (Sigma), and 500 /iM 3-isobutyl-l- 
methylxanthine (IBMX) (Sigma) . The fluorescence was 
monitored for an additional 10 minutes- Fluorescence 

15 images acquired at 450 nm frrai at least 20-30 cells/field 
were digitized, averaged for 8 frames, and quantified using 
a high- resolution CD camera (Videoscope International, 
Herdone, VA) along with the Imagel- Fluor software package 
(Universal Imaging, West Chester, PA) . All fluorescent 

20 images were acquired at 37°C. 

As presented in Figure 17 A, cells exposed to the 
pCMVCFTR plasmid alone demonstrated a fluorescence signal 
of about 40 pixels in intensity. Exposure of IB -3 cells to 
pCMVCFTR plus either Ad.RSV/Sgal (Figure 17 B) or 

25 polycationic liposomes (Figure 17 C) resulted in a 
fluorescence signal of at most about 75 and 120 pixels, 
respectively. The maximum fluorescence signal greater tticui 
150 pixels in intensity was obtained when cells were 
exposed to all three con^jonents, i.e., the polycationic 

30 liposomes as well as the pCMVCFTR and Ad.RSV^gal plasmids, 
as presented in Figure 17 D. 

These results confirm not only that Ad.RSV/Sgal can 
mediate transf action of IB3-1 cells with a CFTR cDNA- 
encoding plasmid, but also that such transfection can be 

35 augmented by preincubation of plasmid DNA with liposomes 
cansprlBed of a 1:1 P0SPA:D0PB molar ratio. This successfiil 
transfer of a CFTR cDNA to cxiltured cells defective in CFTR 
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protein supports the . potential applicability of this 
approach to in vivo gene therapy in lung epithelial cells 
normally defective in CFTR protein. 

5 BYaMPT.B 18 r Viabilit y of Cells Following Transfection 

MPdiated-by Ad-CFTR and Auer m eiifced bv Preincubation of i£: 
Plaamid w ith Polvcationic Liposomes 
In this Exantple, the effect on cell viability of the 
adenoviral -mediated transfection protocol described herein 
10 was evaluated. 

In order to evaluate any effect on cell viability, IB3- 
1 cells were transf ected with pCMVgal plasmid either alone 
or along with one or both of Ad-CFTR and liposomes 
comprised of a 1:1 DOSPA:DOPE molar ratio as described in 
15 Exan?)le 17. Following transfection, cells were removed . 
from the tissue culture plates using trypsin, and were 
suspended in 1 ml of Hanks' Balanced Salt Solution . 
(Mediatech, Hemdon, VA) supplemented with 1% FCS. 40 nl 
aliquots were then mixed with 40 ;tl of 1% trypan blue, and 
20 cells were visualized vmder a phase contrast microscope. 
In parallel, 0.8 ml of the cell suspension was treated with 
50 nl of propidium iodide (20 /tg/ml, Calbiochem, La Jolla, 
CA) , and cells were visualized using a fluorescent 
microscope. Three fields of 100 cells each were counted, 
25 and cells which took up the blue or fluorescent dye were 
scored as non-viable. 

For all of the conditions tested, i.e., transfection 
involving exposure of IB3-1 cells to pCMV/3gal plasmid 
alone, or combined with exposure to Ad-CFTR, polycationic 
30 liposomes, or polycationic liposomes plus Ad-CFTR, less 
than 10% of the cells examined in each case were non-viable 
following transfection (data not shown) . 

These results confirm the absence of substantial 
toxicity of sidenoviral -mediated transfection, or of 
35 augmentation of such transfection by preincubation of 
plasmid with polycationic liposomes . Moreover, the resxilts 
strongly support the applicability of this highly efficient 
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method of transfection for in vivo nucleic acid transfer, 
as the DNA transfection protocol using Ad alone or in 
conjunction with polycat ionic molecules resulted in death 
of less 10% of cells examined in in vitro transf ections . 

EXAMPLE 19: Tn Vivo Use of the Methnri nf Ad-Medi;.t^H 
Transfection Augmented hy Cationir Ag ^anhc, 
In this Example, the method of adenoviral -mediated 
transfection and method of augmentation of such 
transfection with use of cationic agents as may be en^loyed 
in vivo is described. 

The present invention may be utilized in the treatment 
of diseases and disorders which may be associated with, or 
treatable by an alteration in the pattern of gene 
expression. Such diseases and conditions include but are 
not limited to IDs including diabetes, cystic fibrosis, 
multiple sclerosis and certain types of cancer. Similarly, 
the method of the present invention could be en?)loyed in 
the treatment of inflammatory disorders, viral infections 
and wasting disorders, such as those mediated by tumor 
necrosis factor. Moreover, the method could be enployed to 
deliver pharmacologics such as antihypertensives and 
anticoagulants, or receptor agonists or antagonists. 

To this end, nucleic acids including DNA, RNA or PNA 
can be delivered either is vitro or in vivo . The 
adenoviral -mediated method of transfection described herein 
can be employed in direct ia vivo applications, such as, 
for instance, by administration of the various conponents 
of the invention via intratracheal instillation or aerosol 
administration. Alternatively, the method can be eii?>loyed 
ia vitEQ, wherein ia vitro transfection of some of the 
cells of the host is . performed, followed by the 
reintroduction of the cells into the host by a means such 
as injection. This method is advantageous since it allows 
the culture to be screened for transf ectants prior to 
reintroduction into the host, and even potentially allows 
for enrichment of transfected cells using a selection 
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protocol such as is known in the art (e.g., genet icin or 
G418 resistance as a consequence of transfer of a marker 
gene) . 

Of the IDs which may potentially be treated using the 
5 method of the present invention, cystic fibrosis is 
particularly relevant. CF is the most common, lethal 
inherited disorder in the Caucasian population (Hamosh et 
al.. .T, ri in. Invest. . M» 1880-85 (.1991)) . The vector Ad- 
CFTR, employed in the method of the present invention may 
10 be particularly useful in this respect. 

All of the references cited herein, including patents, 
patent applications, and piibli cat ions, are hereby 
incorporated in their entireties by reference, as are the 

15 additional references by Seth et al., J. Virol., M, (1994) 
and yoshimura et al., J. Bioloa. Chem. . 2^, 2300-2303 
(1993) . . 

While this invention has been described with an 
emphasis upon a preferred embodiment, it will be obvious to 

20 those of ordinary skill in the art that variations in the 
preferred conqposition and method niay be used, including 
variations due to improvements in the art, and that it is 
intended that the invention be practiced otherwise than as 
specifically described herein, to encompass these 

25 variations. Accordingly, this invention includes all 
modifications enconpcmsed within the spirit and scope of 
the invention as defined by the following claims. 
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WHAT IS CLAIMED IS : 

1. A method of introducing a nucleic acid into a 
evikaryotic cell which comprises contacting said cell with, 

5 in any order or simultaneously, said nucleic acid, and am 
adenovirus, wherein said nucleic acid is not boiind to any 
molecule capable of effecting its entry into the cell. 

2. The method of claim 1, wherein said cell is 
10 contacted with said adenovirus less than about 8 hours 

after, or less than about 8 hours before, said cell is 
contacted with said nucleic acid. 

3. The method of claim 1, wherein said cell is 
15 contacted with said second composition less than about 2 

hours after, or less than about 2 hours before, said cell 
is contacted with said first composition. 

4. The method of claim 1, wherein said nucleic acid 
20 is DNA. 

5. The method of claim 1, wherein said nucleic acid 
is RNA. 

25 6. The method of claim 1, wherein said nucleic acid 

is PNA. 

7 . The method of claim l , wherein said eukcu^rotic cell 
is in vivo . 

30 

8. The method of claim 1, wherein said eukaryotic cell 
is in vitro . 


35 


9 . The method of claim 1, wherein seiid eiikaryotic cell 
is selected from the group consisting of mammalian, avian, 
cuid fish cells. 
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10. The method of claim 9, wherein said eukaryotic 
cell is selected from the group consisting of ungulate, 
feline, and canine cells. 

5 11. The method of claim 9, wherein said eukaryotic 

cell is a human cell. 

12. The method of claim l, wherein said adenovirus is 
present in said second composition in an amount of about 20 

10 to about 2000 placque forming units per cell to be 
contacted. 

13. The method of claim l, wherein said adenovirus is 
a wild- type strain. 

15 

14. The method of claim 1, wherein said adenovirus 
comprises genetic material with at least one modification 
therein. 

20 15. The method of claim 14, wherein said modification 

renders said adenovirus replication-deficient. 

16. The method of claim 14, wherein said modification 
is selected from the group consisting of addition of a DNA 
25 segment,, rearrangement of a DNA segment, deletion of a DNA 
segment, replacement of a DNA segment, methylation of 
\inmethylated DNA, demethylation of methylated DNA, and 
introduction of a DNA lesion. 

30 17. The method of claim 14, wherein said modification 

alters the cell binding, endosomal lysis, or intracellulax 
targeting capabilities of the adenovirus. 

18. The method of clsdja 1, wherein said adenovirus 
35 conqprises empty capsids. 
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19 . The method of claim 1 , wherein said adenovirus has 
been inactivated. 

20. A method of introducing a nucleic acid into a 
5 eu3caryotic cell which coit^jrises contacting said cell with, 

in any order or simultajieously, said nucleic acid, an 
adenovirus, and a cat ionic agent, wherein said nucleic acid 
is not boxind to any molecule capable of effecting its entry 
into the cell other than, optionally, said cationic agent. 

10 

21. The method of claim 20, wherein said nucleic acid 
and said cationic agent are mixed together and preincubated 
prior to contacting said cell. 

15 22. The method of claim 21, wherein said cell is 

contacted with said adenovirus less than about 8 hours 
afteri or less than about 8 hours before, said cell is 
contacted with said preincubated nucleic acid and cationic 
agent. 

20 

23. The method of claim 21, wherein said cell is 
contacted with said adenovirus less than about 2 hours 
after, or less thsm about 2 hours before, said cell is 
contacted with said preincubated nucleic acid and cationic 

25 agent. 

24. The method of claim 20, wherein said nucleic acid 
is DNA. 

30 25. The method of claim 20, wherein said nucleic acid 

is RMA.. 

26. The method of claim 20, wherein said nucleic acid 
is PNA. 

35 

27. The method of claim 20, wherein said eukaryotic 
cell is ia vivo . 
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28. The method of claim 20, wherein said eukaryotic 
cell is in vitro . 

29. The method of claim 20, wherein said eukaryotic 
5 cell is selected from the group consisting of mammalian. 

avian, and fish cells. 

30. The method of claim 29, wherein said eukaryotic 
cell is selected from the group consisting of ungulate, 

10 feline, and Ccinine cells. 

31. The method of claim 29, wherein said eukaryotic 
cell is a human cell. 

15 32. The method of claim 20, wherein said adenovirus 

is present in said second composition in an amount of about 
20 to about 2000 placc[ue fonning Units per cell to be 
contacted. 

20 33. The method of claim 20, wherein said adenovirus 

is a wild-type strain. 

34. The method of claim 20, wherein said adenovirus 
coii?jrises genetic material with at least one modification 

25 therein. 

35. The method of claim 34, wherein said modification 
renders said adenovirus replication- deficient. 

36. The method of claim 34, wherein said modification 
is selected from the group consisting of addition of a DNA. 
ijegmeut, rearrangement of a DNA segment, deletion of a DNA 
segment, replacement of a DNA segment, methylation of 
unmethylated DNA, demethylation of methylated DNA, and 
introduction of a DNA lesi n. 
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37. The method of claim 34, wherein said modification 
alters the cell binding, endosomal lysis, or intracellular 
targeting capabilities of the adenovirus. 

5 38. The method of claim 20, wherein said adenovirus 

con^jrises empty capsids. 

39. The method of claim 20, wherein said adenovirus 
has been inactivated. 

10 

40. The method of claim 20, wherein said cationic 
agent is a polycarbene . 

41. The method of claim 20, wherein said cationic 
15 agent is 1 , 5 -dimethyl - 1 , 5 - diazaundecamethylene 

polymethobromide . 

42. The method of claim" 20, wherein said cationic 
agent is a liposome. 

20 

43. The method of claim 42, wherein said liposome is 
comprised of lipid. 

44. The method of claim 20, wherein said cationic 
25 agent is a monocationic liposome. 

45. The method of claim 44, wherein said monocationic 
liposome is con^irised of lipid. 

30 4S. The method of claim 44, wherein said monocationic 

liposome is con?)rised of N- [1- (2, 3-dioleyloxy)propyl] - 
N, N , N- 1 r imethylammonium chloride . 

47. The method of claim 44, ^rtierein said monocationic 
35 liposome is con^jrised of 1,2-bis (oleoyloxy) -3- 
( t rimethylammonlo ) propane . 
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48. The method of claim 44, wherein said monocationic 
liposome is comprised of i, 2-dioleyl-3-dimethylamino 
propyl-B-hydroxy-ethylammonium acetate and 
dioleoylphosphatidyl ethanolamine . 

. 5 

49. The method of claim 20, wherein said cationic 
agent is a polycationic liposome. 

50. The method of claim 49, wherein said polycationic 
10 liposome is con?>rised of lipid. 

51. The method of claim 49, wherein said polycationic 
liposome is comprised of 2 , 3 -dioleyloxy-N- 
[2 (sperminecarboxamido) ethyl] -N,N-dimethyl-l-propanaminium 

15 trifluoroacetate and dioleoylphosphatidyl ethanolamine. 

52. The method of claim 49, wherein said polycationic 
liposome is comprised of 2 , 3 -dioleyloxy-N- 
[2 (sperminecarboxamido) ethyl] -N,N-dimethyl-l-propanaminium 

20 trifluoroacetate amd dioleoylphosphatidyl ethanolamine. 

53. The method of claim 49, wherein said polycationic 
liposome is cmnprised of dioctadecylamidoglycylspermine . 
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